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METHODS AND COMPOSITIONS FOR REPUTATION OF CD2 B EXPRESSION 



I. FIELD OF THE INVENTION , ! 

The invention is in the— field of modulating^gene~ expressir 

through the use of oligomers, particularly those oligomers 
.effective in treating immune system-mediated diseases. 

II. BACKGROUND OF THE INVENTION 

While the immune system plays a crucial role in protecting 
higher organisms against life- threatening infections, the immune 
system also plays a crucial part in the pathogenesis of numerous 
diseases . Those diseases in Vhich the immune system plays a 

part include autoimmune diseas -e s in which the immune system 

reacts against an autologous ^antigen, e:g., systemic lupus 
erythematosus, or diseases associated with immunoregulation 
initiated by reaction to a foreign antigen, e. g. , graft vs. host 
disease observed in transplantation rejection. j 

The pathogenesis and exacerbation of many common T-cell 
mediated diseases result from an inappropriate immune response 
driven by abnormal T-cell activation. The presence of activated 
' T-cells have teen' reported in "many T-cell mediated skin diseases 
"~ "(Simon" et klT, ' (1994) "J '}'" Invest .Derm. , 101:53 9 -543) . For 
example, "psoriasis, which afflicts 2% of the Western population 
including four million Americans, is a skin disorder 
characterized by keratinocyte hyperprol iteration and abnormal 
dermal and 'epidermal infiltration of activated T-cells. Many 
reports suggest a major role of these activated T-ceils in the 
pathogenesis of psoriasis (Baadsgaard ec al . , (1990) J. Invest: 
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fiSH^ , 9_5_:275-282, Chang et al . , (1992) Arch. Dpt-™ -[ y_fl.iA?o. 
1485, Schlaak etal., (1994) J. Thvps^ n P rm. 1^2:145-149) and 
in AlDS-exacerbated psoriasis (Duvic (1990) J. Tnv^t . nprm 
2St: 38S-40S) . In psoriasis, activated lesional T-cells 
predominantly release the Thl cytokines (IL-2, interf eron-gamma) 
(Schlaak et al., (1994) J. Invest Dprm. . 1£2: 145-149) . These 
secreted cytokines induce normal keratinocytes to express the 
same phenotype (HLA DR+/ICAM-1+) as found in psoriasis lesions 
(Baadsgaard et al . , (1990) J. invest- n P rm. . £5_:275-282) . Also, 
by virtue of its in vitro and in vivo proinflammatory properties 
and because it is secreted : in large amounts by both activated 
T-cells and keratinocytes from psoriatic lesions, IL-8 is 
considered to be a major contributor to the pathologic changes 
seen in psoriatic skin such as keratinocyte hyperprolif erat ion . 
Furthermore, one of the B7 family of receptors (the natural 
ligands for CD28 found on activated APC) , BBl,has been shown to 
-be e xp re ss e d in psoriatic but not unaffected skin keratinocytes 
(Nickoloff, et al., (1993) Am. J. Pathology . 112:1029-1040). 

A number of other diseases are thought to be caused by 
aberrant T-cell activation, including Type I (insulin-dependent) 
diabetes mellitus, thyroiditis, sarcoidosis, multiple sclerosis, 
autoimmune uveitis, rheumatoid arthritis, systemic lupus.) 
erythematosus, inflammatory, bowel disease (Crohn's and 
ulcerative . colitis) and autoimmune hepatitis. In addition, a 
variety of syndromes including septic shock and tumor- induced 
cachexia may involve T-cell activation and augmented production 
of potentially toxic levels: of iymphokines. Normal T-cell 
activation also mediates the rejection of transplanted ceiis and 
-organs by. providing the necessary signals for the effective 
destruction of the "foreign;' donor tissue.. 
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The activation of T-lymphocytes leading to T-cell 
proliferation and gene expression and secretion of specific 
immunomodulatory cytokines requires two independent signals. 
The first signal involves the recognition, by specific T-cell 
rece P tor/CD3 complex, of antigen presented by major histocompa- 
tibility complex molecules pn^the surface of antigen presenting 

—atlls^iABCsU—. Antigen nons p ecific i n tercellular interactions 

between T-cells and APCs provide the second signal that serves 
to regulate T-cell responses to antigen. These secondary or 
costimulatory signals determine the magnitude of a T-cell 
response to antigen. Costimulated cells react by increasing the 
levels of specific cytokine! gene transcription and by ^ 
stabilizing selected mRNAs. In the absence of cost imulat ion, . 
T-cell activation results in an aborted or anergic T-cell 
response. One key costimulatory signal is provided by 
interact ion of the Tt H I s urf are receptor CD20 with - B7-relaLed 
molecules on APC (Linsley and Ledbetter (1993) Ann, w»v 
, Immunol.. 11:191-212). CD28 is const itutively expressed on 95% 
of CD4 + T-cells (which provide helper functions for B-cell 
antibody production) and 50% of CD8 + T-cells (which have 
cytotoxic functions) ( Yamada- et al . , (1985) Eur. T^, n ^ 
ia:1164-ii68).. Following antigenic or in- -vitro autogenic 
stimulation, further induction ^of surface levels of CD28 occurs, 
; aS Well: as the Production of -certain immunomodulatory -cytokines . 
These ^nclude-interleukin-2 :(lL-2) , required, for cell cycle 
pr 0 g r es-sion^f.,T^ells; ,interferon-gamma, which displays a wide 
variety -of ^ariti- viral .:and ;anti Stumor effects and interleukin-8 
nL-Brp-knowti as-.arpotent chemotactic .'factor for neutrophils and 
lymphocytes ; ^These cytokines Thave been shown to be regulated by 
the CD28 pathway of -T-cell activation MFraser ec ai . , (1991) 
££i£HC£, 2=1:313-316; Seder :ec al. ( (1994) J. c y? Moi ( 
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121:299-304, Wechsler et al . , (1994) J ■ Immuno l ■ , 
1£3_: 2515-2523) . 'IL-2, interf eron-gamma , and IL-8 are essential 
in promoting a wide range of immune responses and have been 
shown to be overexpressed in many T-cell mediated disease 
states . 

.In some T-cell mediated skin disorders such as allergic 
contact dermatitis and lichen planus, CD28 was expressed in high 
levels in the majority of dermal and epidermal CD3 + T-cells but 
in normal skin and basal cell carcinoma (a non T-cell mediated 
skin 7 disease) , CD28 was expressed only in perivascular T-cells. 
Similarly, itf both allergic contact dermatitis and lichen 
planus, 1 B7 expression was found on dermal dendritic cells, 
dermal ; APCs and on keratinocytes but not in normal skin and 
basal cell carcinoma (Simon et al., (1994) -7 WfiT Perm - , 
1^2:539-543). Therefore this suggests that the CD28/B7 pathway 
is an important mediator of T-cell-mediated skin diseases. 

Aberrant T-cell activation associated with cexLdiu 
autoimmune diseases caused by the loss of self -tolerance is 
predominantly characterized by the presence of CD28 + T-cells and 
expression of its ligand, B7 on activated professional APCs 
(monocyte, macrophage or dendritic cells) . These include 
autoimmune Graves thyroidites (Garcia-Cozar et al..-. (1993). 
Immunol. . 12:32). sarcoidosis (Vandenbergh et al . , (1993) il^. 
Immunol . . 5_:317-321). rheumatoid arthritis (Verwilghen et al . 
moqA. .- Tmmvmol ... iSi: 1378 -13 85) and systemic lupus ,-. . 
erythematosus (Sfikakis et al. , (1994) Hin ■ FXP , Immuno l.- , 
.^ :8 -i4) . in normal T-cell ^activation, which mediates .the 
. rejection of transplanted cells and organs, the binding .of CD28 
by its appropriate B7- ligand .during T-cell receptor, engagement 
is critical for. proper allogeneic -.response to foreign antigens, 
for examole, on donor tissue (Azuma et al., (1992) ~ ^ , Med -. 
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12^:353-360, Turka et al . , (1992) Proc . M,r &n*r\ . Sri . nsa 
? 12:11102-11105) . 

Traditional therapies for autoimmune diseases do not 
prevent T-cell activation; the effector step in the autoreactive 
immune responses to self -antigen. Drugs, such as steroids and 
non-steroid anti-inflammatory drugs (NSAIDS) , are currently used 
to ameliorate symptoms, but they do not preven t th* progressio 
of the disease. In addition, steroids can have side effects 
: such as inducing osteoporosis, organ toxicity and diabetes, and 
!■ can accelerate the cartilage' degeneration process and cause 
so-called post-injection flares for up to 2 to 8 hours. NSAIDS 
can have gastrointestinal side effects and increase the risk of 
agranulocytosis and iatrogenic hepatitis. Immunosuppressive 
drugs are also used as another form of therapy, especially in 
advanced disease stages. However, these drugs suppress the 
entire immune system and often treatment has severe si de effects 
including hypertension and nephrotoxicity. Also established 
immunosuppressants such as cyclosporin and FK506 cannot inhibit 
the CD2 8 -dependent T-cell activation pathway (Jund et al.. 
(1987) Mol. Cell . Riol 7:4472-4481). 

Given the shortcomings of currently-available .pharma- 
ceuticals and-methbds for treating . immune system-mediated 
diseases, it is of interest to provide new methods and com- 
-positions; for ; - treating -such. diseases. 

Ill • i SUMMARY -OF THE - INVENTION 

The <subj ect ■■■ invention, provides, me t hods and compositions for 
the treatment .-of immune, system-mediated diseases. : : The composi- 
tions of i the -invention have, the property of reducing the 
expression of?CD28 in cells of interest, which in- turn moderate 
pathogenic effects^ of the immune system in an immune system- 
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mediated disease. The subject methods of reducing CD28 
expression may also serve as methods of reducing the effects of 
antigenic stimulation of CD28* T cells, thereby decreasing the 
level of activation of CD28* T cells and the release of cytokines 
associated with T cell activation, including interleukin-2 , 
interf eron-gamma, and interleukin-8 . The compositions of the 
invention include many diff erent ; oligomers capable of reducing 
the expression of CD28. 

One aspect of the invention; is to provide oligomers capable 
of reducing the expression of CD28 by interfering with the 
expression of CD28. The oligomers of the invention have nucleic 
acid base sequence homology to a CD28 gene or a CD28 gene 
transcript, or a portion thereof, where the homology is 
sufficient to permit formation of a nucleic acid double-stranded 
helix or triple -stranded helix under intracellular conditions. 
The oligomers of the invention may be DNA, RNA, or various 
— synthetic analogs thereot . In particular embodiments, oligomers 
having* 11 to 50 bases comprising at least two sequences of GGGG 
separated by 3 to 5 bases. 

Another aspect of the invention is to provide genetic 
engineering vectors for the intracellular expression of 
oligomers of the invention in cells of interest, preferably 
cells that naturally express CD28. 

Another aspect of the invention is to provide pharmaceu- 
tical formulations comprising one or more different oligomers of 
the invention. The pharmaceutical ' formulations' may be adapted 
for various' forms of administration to the body or 
administration to ceils to be reintroduced into the body; 

Another aspect "of the invention is to provide methods for 
the treatment of immune system- mediated diseases. The methods 
of the invention involve modulating CD28 expression by .- 
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administering an effective! amount of the oligomers of the 
invention. The methods of ; the invention include methods of 
treating autoimmune disease, methods of reducing inflammation, 
response, methods of reducing the production of selected 
cytokines, methods of inactivating T cells, and methods of 
immunosuppressing a transplant patient. 

IV. BRIEF DESCRIPTION O F tor rn^ wTl^f 

Figure l is the sequence of the 5' untranslated region of 
the CD28 gene (1A) and the ;mRNA sequence of human CD28 (IB, 1C) . 
Figures IB and IC represent different contiguous portions of a 
polynucleotide sequence. 

Figure 2 is a graphical representation of the percentage of 
viable (live) T-cells following treatment with various CD28- 
specific and control phosphorothioate and phosphorothioate - 

3 1 hydroxypropyl amine oligonucleotides . 

Figure 3 is a graphical representation of anti-CD3 
monoclonal ant ibody/PMA- induced CD28 expression in human T-cells 
from two donors (GV010 and ijCOll} , (A) and the effect of 
CD28-specific and control phosphorothioate (B, batch 1 and 2) 
and Phosphorothioate-3'hydroxypropylamine (C) oligonucleotides 
on anti-CD3 monoclonal ant ibody/PMA- induced, CD28 -expression in 
peripheral blood T-cells from the same 2 donors. ; 

• - Figure 4- is -a graphical: representation of A) j the induction 
of.T-cell- proliferation by mitogens in human T-cells . from donor 
KS006 and B ) - the reffect of. CD28-specif ic and control ; , 
phosphorothioate oligonucleotides, on anti-CD3. monoclonal 
ant ibody/PMA- induced human T-cell proliferation. ■ 

• Figure' 5 is a- graphical representation of the induction of 
interleukin-2-. (IL,2) production by ant i-CD3 monoclonal antibody 
and PMA in human T-ceils (A) and the effect of CD28-specif ic and 
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control phosphorothioate (B) phosphorothioate- 3 ' hydroxypropyl - 
amine (O oligonucleotides on |anti-CD3 monoclonal antibody/ 
PMA- induced IL-2 production in human peripheral T-cells. 

Figure 6 is a graphical representation of the induction of 
interferon-gamma ( IFNy) production by anti-CD3 monoclonal 
antibody and PMA in human T-cells ; (A) and the effect of 
CD28-specific and control phosphorothioate (B) phosphorothio- 
ate-3'hydroxypropylamine (C) oligonucleotides on anti-CD3 
monoclonal ant ibody/PMA- induced interferon-gamma production in 
human peripheral T-cells. 

-figure 7 is a graphical representation of the induction of 
interleukin-8 ( IL- 8) production by anti-CD3 monoclonal antibody 
and ' PMA I in human T-cells (A) and the effect of CD28-specif ic and 
control! phosphorothioate (B) phosphorothioate- 3 • hydroxypropyl - 
amine (C) oligonucleotides onj anti-CD3 monoclonal antibody/PMA- 
induced IL-8 production in human peripheral T-cells. 
Figure 8 is a graphical representation ul 



interleukin-2 receptor (IL-2r|. otherwise known as CD25) (A) and 
intracellular adhesion molecJle-1 (ICAM-1 otherwise known as 
CD54) (B) expression by anti- ! CD3 ^monoclonal antibody and PMA in 
humarv^erioheral T-cells treated jwith and without CD28-specif ic 
and^ohtrol phosphorothioate b ■ hydroxypropyiamine oligonucleo- 
tides. 

... Figure 9 is ., graphical* representation of CD28 , expression 
in HUT 78 (A) and Jurkac . (8) ! human T-cell lines before and after 
anti-CD3 monoclonal antibody! and PMA treatment, and the effect 
of CD2B-specific phosphorothioate. oligonucleotides in ant.-CDB 
monoclonal antibody and PMA-treated Jurkat cells (C) . 

. . F<oure 10 is a graphical representation of the effect, of 
CD28-specific phosphorothioate oligonucleotides on inc.rl.ukin-: 
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production in anti-CD3 monoclonal antibody and PMA-treated HUT 1 
78 (A) and Jurkat (B) human T-cell lines. 

Figure 11 is a graphical representation of the effect of 
phosphorothioate oligonucleotides on surface expression of 
accessory molecules and on cytokine secretion in activated T 
cells. 

Figure 12 is a graphicaL re pre s en tafe ion of the effe c 

phosphorothioate oligonucleotides on CD28 and CD25 mRNA levels. 
Figure 13 is a graphical representation of the specificity 

: of oligonucleotides RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 
45) with respect to inhibitory effect on functional CD28 
expression. 

Figure 14 is a graphical representation of the tolerance 
induction in vitro by the CD28 -specif ic oligonucleotides, RT03S 
(SEQ ID NO: 44) and RT04S (SEQ ID NO: 45). 

Figure 15 is a graphical representation of the "in vitro 
stability of "P-labeled phosphorothioates , RT03S (SEQ ID NO: 44) 
and RTC06S (SEQ ID NO: 48) in extracellular supernatants (top 
panel) and Jurkat cell lysates (bottom panel) . 

1 ! I 

V * PBTAILEP DESCRIPTION of| fipwrr^jr kmrohtm^p 

Described herein are .methods and compositions for .treating 
immune system-mediated. diseases, wherein the desired therapeutic 
effect is achieved ? by- ^ecrea^ing the, express ion of CD28, ..thereby 
abrogating, activated .CD28; T. cell function and decreasing • 
activation of ...other immune system cells. The inventor has 
discovered that , antigen-dependent T, cell .activation may ; be 
inhibited by. decreasing the expression of ; CD28 in CD28* T cells. 
The invention provides numerous compounds that may be used to 
decrease the expression of CD28 in T cells. 
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The invention described : herein involves the discovery that 
decreasing CD28 expression in T cells can interfere with the 
antigen-specific activation of T cells. The discovery may be 
used to provide numerous methods of treating immune system- 
mediated diseases with oligomers targeted to CD28 and with non- 
oligomer compounds that decrease CD28 expression. By employing 
the discoveries of the biological effects of decreasing CD28 
expression as described in this application, numerous methods of 
treating immune system-mediated diseases are provided, such 
methods may employ non- oligomer compounds that have not yet been 
synthesized or purified. 

One aspect cf the invention is to provide for oligomers 
that can be used to inhibit gene expression of certain genes is 
an established technique frequently referred to as the use of 
"anti-sense" oligonucleotides or "anti-sense therapy." Numerous 
publications on the construction and use of anti-sense are 
available. Exemplary of such publications are: Stein et al . , 
Science . 2£1: 1004-1012 (1993;); Milligan, et al . , <T , Med , Chem . , 
1£:1923-1937 (1993); Helene,; et al . , J. B j och i m . . B i PPhVP. Acta , 
1049: 99-125 (1990); Wagner, Nature . . 222:333-335 (1994); and 
Crookei and Lebleu, ^^-^ Research arid Applications , CRC 
Press,; Boca Raton (1993). The term "anti-sense" as used herein, 
■■unless' indicated otherwise, prefers -to oligomers (including 
oligonucleotides-) capable of forming either .double -stranded or 
triple-stranded (triplex) helices with polynucleotides -so- as to 
interfere with -gene -expression v 'The principles of 'anti-sense 
design and use 'described in '■ these- publications , and •other- 
similar^ publications, -may be-' used by the person of ordinary 
skill in .'the - art to' design, ■ make; -and use -various - embodiments cf 
the CD28 specific oligomers; of : the invention. 
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The oligomers of the invention are capable of modulating ' 
I the expression of the CD28 gene . The oligomers of the invention 
■ include those oligomers that have the property of being able to 
form either a double -stranded polynucleotide helix by 
hybridizing with CD28 transcripts (or portions thereof) , or a 
double -stranded polynucleotide helix by hybridizing with a 
^ portion or portlona-o f a CD28 ge ne^- wh e rein the helix ^f ormaTOh— 

may occur under intracellular conditions. The oligomers of the 
: invention also include thos e| oligomers that are capable of 
1; affecting the regulation of gene expression such. as by acting as 
molecular decoys and preventing protein-nucleic acid interaction 
of transcription factors; with regulatory elements of the 
untranslated regions of the CD28 gene. Additionally, the 
oligomers of the invention include those oligomers; that are 
capable of forming a triple-stranded polynucleotide helix with a 
portion or portions of a CD28 ge n e, wherein the h^r fnm,^^ 
may occur under intracellular conditions. Both double -stranded 
helix and triple-stranded helix base pairing relationships 
between nucleic acid bases (e.g., adenine - thymine, ■ cytosine- 
guanine, uracil -thymine) are known to the person of ordinary 
skill in the art and maybe employed in the design of the 
oligomers of the invention. Regions of the CD28 gene or : CD28 
gene transcript at which : double -stranded helix or triple-- 
stranded helix formation can occur with a given oligomer:'of the 
invention are said to be "targeted" by that: oligomer. ;n;c^ 

Human CD28 is a 90-kDa homodimeric transmembrane glyco- 
protein present: on the surface- of a subset of •■ T-. cells . .\..,CD28 is 
present on most CD4* T cells and about 50% of CDS'- T cells. The 
DNA sequence encoding human CD28 has been resolved, as/ can be 
found, among other places, in Lee et al. Journ.v- ^ T^„ nn1nny 
11^:344-352 ;i990) and on publicly accessible gene j databases 
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such as GenBank. The human CD2 8 gene comprises four exons, each 
defining a functional domain of the predicted protein. 
Transcription products of varying sizes have been observed to be 
produced from the human CD28;gene. The oligomers of the 
invention may be designed by' referring to the published 
nucleotide sequence of the CD28 gene or the sequence of CD28 
gene-derived cDNAs . The compositions and methods of the 
invention may be readily adapted for use in mammals other than 
humans by referring to the sequence of the CD2 8 gene from non- 
human mammals. the sequence 1 of non-human CD28 gene may be 
obtained by, among other methods, using previously identified 
CD28 gene sequences from humans (or other mammals) as gene 
library hybridization probes and/or PCR (polymerase chain 
reaction) amplification primers. While the published nucleotide 
sequences of the CD28 gene are believed to be accurate, the 
subject invention may be practiced by the person of ordinary 
skill in the art even if the published nucleotide base sequence 
of CD2 8 contains sequencing errors. The proper nucleotide base 
sequence errors in published sequences may be detected by, among 
other means, re-sequencing regions of the CD28 gene (or CD28 
gene transcripts) targeted by the oligomers of the invention. 
Re -sequencing' may. be performed by means of conventional D1JA 
sequencing technology. • •'• 

-:• : v T he ^ oligomers of - the invention .preferably . comprise , from 
about ii-xo about-50 -nucleicracid base. units.. .It will-be 
- readily-appreciated.:by^the person,of ordinary skill in the art 
-••■that bligomers.ofvthe invention] may be significantly longer than 
50 nucleic "acid base units:! -In;. a more preferred embodiment of 
the" invention? ethe* oligomers comprise f roitv about 8 to about 25 
;. . .nucleic! acidibase units; moire preferably from about 14 nucleic 
acid base units tc about 22l nucleic base units. The preferred 
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size limitations for the oligomers of the invention pertain only 
to those oligomers that are to be administered extracellularly 
to a cell and are not applicable to intracellularly produced 
CD28 specific oligomers, e.g., as produced from vectors for the 
genetic manipulation of target host cells. 

The oligomers of the invention may have numerous different 
nucleic ac i^_base_seq^en ces . ; The oligom ers of the inv erttto 
be selected to reduce expression of CD2 8 by hybridizing (through 
nucleic acid - nucleic acid interaction) to virtually any region 
of a CD28 transcript of CD28 gene in order to reduce expression 
of CD28, or by hybridizing (through nucleic acid - protein 
interaction) to non-nucleic acid molecules that recognize 
untranslated sequences of the; CD28 gene. For example, oligomers 
of the invention may be selected so as to be able to hybridize 
to translated regions of a CD2 8 transcript, untranslated regions 
of a CD2S transcript, uns p liced regions of a rr>?R rrancrripf, 
CD28 gene introns, CD28 promoter sequences, and CD28 regulatory 
sequence, the 5' cap region of a CD28 transcript, CD28 gene 
coding regions, and the like :( including combinations of various:- 
distinct regions) . Preferred embodiments of the CD2 8 gene and ■> 
CD28 gene transcripts by the 'oligomers of the invention are in 
the translational and/or transcriptional initiation regions of 
the CD28 gene (and transcripts thereof) . By varying the c. 
location of the CD28 or CD28 'gene transcript an which ; heldx 
formation may occur, through the selection of- the nucleic.; acid 
base pair sequence of the oligomer, the potency of the oligomer, 
i.e., the amount required to produce the desired biological 
effect will be varied. Preferred embodiments of the oligomers 
of the invention have the highest possible potency. The potency 
of different oligomers of the invention may be measured by 
various in vitro assays known to the person of ordinary skill in 
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the arc . Examples of such assays can be found in the 
experiments section of this application. The person of ordinary 
skill in the art will appreciate that it not desirable to 
produce oligomers that are targeted to polynucleotide sequences 
that are also present at gene locations other than the CD28 
gene. For example, it would be undesirable to produce an 
oligomer targeted to the Alu sequence in the 5 1 untranslated 
region of the CD28 transcript (the Ajji region of the CD28 is 
described in Lee et al . , Journal of Immunology. 14^:344-352 

(1990)). The use of oligomers that form double- stranded or 

! 

triple -stranded helices with gene or transcripts of genes other 
than CD28 may be minimized by performing homology searches of 
oligomer nucleotide base sequences against polynucleotide 
sequence information present in publicly accessible data bases 
such as GenBank. ! 

In a preferred embodiment of the invention, the subject 
oligomers exhibit perfect nucleic acid base complementarity to 
the selected target sequence, i.e., every nucleic acid base in 
the oligomer may enter into a base pairing relationship with a 
second' (or third) nucleic acid base on another strand of a 
double' (or triple) helix. However, a person of ordinary skill 
in the art will appreciate that various oligomers specific;: for a 
CD2 8 gene target^ and/or - capable 'pt inhibiting CD28 expression 
may haW -nucleotide base sequences that lack perfect " 
hybridization to- the CD2 8 gene Ceither strand) , CD2 8 gene 
transcripts,-' or- CD28 -specif ic regulatory proteins. • 

In preferred ^ embodiments of- the oligomers of the invention 
are oligomers having the following nucleotide base sequences: 
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TTGTCCTGACGATGGGCTA3 ' (SEQ ID N0:1) RT01 

5 ' AGCAGCCTGAGCATCTTTGT3 ' (SEQ ID NO: 2) RT02 

TTGGAGGGGGTGGTGGGG3 ' (SEQ ID NO: 3) RT03 

5 ■ GGGTTGGAGGGGGTGGTGGGG 3 • (SEQ ID NO: 4) RT04 

In particularly preferred embodiments of the invention the 
oligomers having the nucleotide base sequences indicated in 
«m, RT02, RT03, and RT04 .-are^ sphorothioa ^^ex^rly- 
pref erred oligomers are P hosphorothioate-3 • hydroxypropylamine 
: as described in Tarn « al . , | Mucl , ftr1 „ p „ 22:977 . 986 (19MJ * 
Oligomers of the invention may be designed so as to 
decrease the expression of CD28 in T cells that have 
internalized extracellularly applied oligomers of! the invention 
Additional^, oligomers of the invention may be designed so as 
to decrease expression of CD28 when the oligomers. are produced 
intracellular^ through the use of genetic expression vectors 
inhibition of CD28 expression may be effected thro,, Jh ,t, in tcr 
ference with CD28 gene transcription, (ii, interference with 
the transcription of CD28 gene transcripts. ,iii, , interference 
with the processing of CD28 Igene transcripts, or any combination 
°f (II. (ii). and (iii,.; The precise degree and mechanism of * 
the interference of CD28; expression will depend on factors such 
as the structure of the particular oligomer, the nucleotide base 
sequence of the oligomer, the dosage of oligomer, the means of 
administering the subject oligomer, and the. like . T -;. . -.k, 
,o- The^erm,. .oligomer" as used herein refers to both- naturally 
occurring polynucleotides, e.g.. DKA. ena. and to various 
artificial analogs. of naturally. occurring nucleic acids that 
have the ability to iorm either double-stranded or triple- 
stranded helix with DMA . or;. RNA . . Many oligomers that, are 
artificial analogs of .naturally occurring polynucleotides have 
properties that make them superior to DNA or rna for use in the 
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methods of the invention. These properties include higher 
affinity for DNA/RNA, endonuclease resistance, exonuclease 
resistance, lipid solubility, RNAse H activation, and the like. 
For example, enhanced lipid solubility and/or resistance to 
nuclease digestion results by substituting an alkyl group or 
alkoxy group for a phosphate oxygen in the internucleotide 
phosphodiester linkage to form an alkylphosphonate oligonucleo- 
tide or alkylphosphotriester oligonucleotide. Non- ionic 
oligomers such as these are characterized by increased 
resistance to nuclease hydrolysis and/or increased cellular 
uptake 1 , while retaining the ability to form stable complexes 
with complementary nucleic acid sequences. 

While numerous oligomers that are analogs of naturally 
occurring nucleic acids are explicitly described herein, and/or 
are otherwise known to the person of ordinary skill in the art, 
it will be appreciated that numerous oligomers that are nucleic 
acid analogs that may be developed in the future may be readily 
adapted by those of ordinary skill in the art to inhibit the 
expression of CD28 genes. A brief review of different currently 
available DNA/RNA analogs that may be used as oligomers of the 
invention by selection of the appropriate nucleic acid base 
sequence so as to -target CD2 8 genes (and transcripts thereof) is 
provided below. .The various oligomers described in those- 
publications are examples, 'not limitations, -of different 
possible -embodiments: of' .oligomers that may be 'adapted for 
inhibition of CD28 : expression in the methods and compositions of 
the invention. -.: r.-; .:. Methylphosphonate (and other alkyl 
phosphonate) -oligomers: can be. prepared by a variety of methods, 
both in. solution?, and on 'insoluble" polymer supports ■ (Agrawal and 
, . Fif tiiia, , pir-l ' arid.-Res ;:. £: 3009-3024 (1979) ; Miller et al . , 
pinrhPTPistrv . 1^:5134-5142 '( 1979 ) ;■ Miller et al . , S i cl, 
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Chem- , 25_5.: 9659-9665 (1980); Miller et al . , Nucl. ArHri«g R^ ' 
i 11:5189-5204 (1983); Miller et al . , Nucl. Ac-iris pf» R H:6225- 
6242 (1983); Miller et al . , Biochemistry, 25.: 5092-5097 (1986); 
Sinha et al . , Tetrahedron Lett. 21:877-880 (1983); Dorman et 
al.., Tetrahedron, 4J2:95-102 (1984); Jager and Engels, 
Tetrahedron Lett. . 25.: 1437- 1440 (1984); Noble et al., Nucl . 

Acidn Rfi£- / 12:33 ^ 7 .. 3404 (1984) Callaha n~-e t al . . Pro c r Natl . 

Agad, SCI ■ USA, 8^:1617-1621 (1986); Koziolkiwir^ et al . , 
: Chemica Scripts, 26_l251-260 (1986) ; Agrawal and Goodchild, 
]' Tetrahedron Lett ■ , 3_£: 3539-3542 (1987); Lesnikowski et al., 
Tetrahedron Tifftlf,-, 21:5535-5538 (1987) ; Sarin et al., Proc. 
Natl . Acad. Sei . USA . 7448-7451 (1988). 

Additional oligoribonucleotide analogs for use as oligomers 
are described in Inova et al., Nucleic A cids Res . . 15_:6131 
(1987) (2'-0-methylribonucleotides) , Inova et al. , FEBS Lett 

215:327 (1987) . ' [ 

Descriptions of how to make and use phosphorothioates and 
phosphorodithioates can be found in, among other places, the 
following publications: United States Patent No. 5,292,875, z 
United States Patent No . ; 5 , 286 , 717 , United States Patent _r 
No. 5,276,019, Patent No. 5,264,423, United States: Patent 

. No. 5,218,103,. United States Patent No. 5 , 194 , 428, • United States 
Patent No.. 5,183,885, United States Patent No. 5,166,387, United 

r States Patent No. 5,151, 510, : United States Patent No, 5,120, 84 6, 
United States Patent No. 4,814,448, United States Patent,, No. 
4,814,451, United States Patent , No. .4,096,210,; United States 
Patent No. 4 , 094 , 873 , ; United States . Patent No . : 4 , 092 , 312 , United 
States Patent No. 4,016,225, United States Patent No . 4 , 007 , 197 , 

. .United States. Patent .No.. 3 , 972, 887, .United States Patent No. 
3,917,621, and ; United States Patent. No. 3 , 907 , 815 , Dagle et al . . 
Nucl . Acids Res. lB_:475i-4757 (1990), Loke et al . . ' Prcc . Naf? 
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Acad. Sci. USA , 3474 - 3478 (1989), LaPlanche, et al . , Nucleic 

Acids Res . . 11:9081 (1986) and by Stec , et al . , J . Am . Chem . 
Soc . 1-06 -.6077 (1984), and Stein et al., Nucl . Acids Res . 
16_:3209-3221 (1988). 

Descriptions of how to make and use phosphoramidates can be 
found in among other places the following publications: Agrawal 
et al., Ptoc NaM . Acad. Sci. . ££: 7079-7083 (1988), Dagle et 
al., Nucl . Acids Res. . 1£ (6) : 4751-4757 (1990), Dagle et al . , 
Nucl. Acids Res. 19(81:1805-1810 (1991), 

Other polynucleotide analogs of interest include compounds 
having acetals or thioacetals in the backbone structure. 
Examples of how to make and ; use such compounds can be found, 
among other places in, Gao et al . , Biochemistry 11:6228-6236 
(1992), Quaedflieg et al., Tetrahedron Lett. 33 (21) : 3081-3084 
(1992), Jones et al., J. Pro. Chem. 58:2983-2991 (1993). 

Other polynucleotide analogs of interest include compounds 
having silyl and siloxy bridges in the backbone structure. 
Examples of how to make and use such compounds can be found, 
among other places in Ogilvie and Cormier, Tetrahedron Lett . . 
2£(35) :4159-4162 (1985), Cormier and Ogilvie. Nucl. Acids Res- 
15.(10) :4583-4594 (1988), PCT publication WO 94/06811. 

other polynucleotide analogs of interest include compounds 
having silyl and acetamidate bridges in -the backbone structure. 
-Examples of -how to make and -use -such compounds can be found, 
among other-places -in Gait et 'al. , "J , Chem, Spc^, Perkin Trans. 
-1 -. 16 84 ( 1974 ) 7 -Mungall and ^Kaiser ; \t.. .Qro : Chem. 12(4) : 703-706 
(1977) , and cbull '*et >al ry-alrid tetrahedron Let > , zan: : 74 5-746 
(1987) . ;• •• - - ■• - ! ■- • 1 - 

• Polynucleotide 'analogs having -morpholino-based backbone 
linkages : have also been ■' 'described ." : Information cn how to make 
and use such nucleotide analogs can be found, ir., among other 
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Places, united States Patent Nos. 5,034,506, 5,235,033 
5,034,506, 5,185,444. ' ' 

Polynucleotide analogs: having various amine/ peptide, and 
other achiral and/or neutral linkages have been described- 
cauifieid , cal .. BigorcmmV » h,^...., ^ hrm , , i, , 
Z<12,: 2771 . 2776 U993,, Mesmaeker « al . . U^n^^^ 

^>:" 6 - 229 (199 4,. United States Patent s. S, 16S , 3 15, and 
United States Patent No. 5,142,047. 

Polynucleotides having thioether and other sulfur linkages 
between subunits are described in, a m ong other places Schneider 
and Brenner, aatada^., 31,3, ,335-33. ,1990,. „u ang « 



J ' Qrq ' rh ™ -' »="«13«B2 ,1991,, Musicki and widlanski 
i Btwh^mn im ., 22.U0, :l 267 . 1270 (1991); Huang and widlanski 

KtrahMron wr „ ^,i 9 , :2657 . 2660 (1992) ; and ^ ^ ' 

J. Org r hrm 32,2983-29,5 ,1992), and Per publication wo 
91/15S0O. ■ ~ : 

Other polynucleotide analogs of interest include peptide 
nucleic acids ,PNAs, and related polynucleotide analogs A v 
description of how to make and use peptide nucieic 1 acids can be- 
found in, among other places, Buchardt ec al.. Trend. <„ 
ai gtflr h - 11 ll993 » ^d PCT publication WO 93/12129. ■ 

Other oligomers for use \ in anti-sense- inhibition have been 
described in Thuong e c al., ?roc . Nsr1 ^ ^ , , M;5125 , 5133 

,U98 7) . united. S tates-Patenti N o.,s, 2 l 7 ,866, Lamond, Bior-W 
, S 0 C . TTnn^r^nnn , 21:1-8. ,1993, 12 • ,0-alkyloligoribonucleo- 

tides,., ono et ai ., sio^nin^rp rhrmnrra. 4:499-508 11993, 

(2V-deoxvuridine analogs carrying an amino linker at the !•- 
position of.deoxyribose,. Kawasai et al.. c. m.h ^ „ ^ ' 
841 ,1993, ( 2 .-deoxy- 2 .-£luoro phosphorothioate oligonucleo- 
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tides), PCT publication WO 93/23570, Augustyns et al . , Wuc l . 
fir iris Res .. 21(20) :4670-4676 (1993). 

Additionally, oligomers may be further modified so as to 
increase the stability of duplexes and/or increase cellular 
uptake. Examples of such modifications can be found in PCT 
publication WO 93/24507 entitled "Conf ormationally Restrained 
Oligomers Containing Amide or Carbamate Linkages for Sequence- 
Specific Binding," Nielsen et al. , Sci«l« . 2^:1497-1500 
(1991), PCT publication WO 92/05186 entitled "Modified Internu- 
cleoside Linkages," PCT publication WO 91/06629, filed October 
24, 1990 and United States Patent 5,264,562 filed April 24, 
1991, both of which are entitled "Oligonucleotide Analogs with 
Novel Linkages," PCT publication WO 91/13080 entitled "Pseudo- 
nucleosides and Psuedonucleotides and their Polymers," PCT 
publication WO 91/06556 entitled "2 '-Modified Oligonucleotides," 

PCT publication WO 90/15065 filed on 5 June 1990 entitled 

"Exonuclease Resistant Oligonucleotides and Methods for 
Preparing the Same," and United States Patent No. 5,256,775. 

The oligomers of the invention comprise various nucleic 
acid bases. In addition to nucleic acid bases found to occur 
naturally in DNA or RNA, e.g. , cytosine, adenine, • guanine, 
thymidine, uracil, and : hypoxanthine, the oligomers of the-- 
invention may' comprise one or more-nucleic acid bases that are 
synthetic analogs^of naturally occurring acid bases. - Such non- 
naturally occurring heterocyclic bases include, but are not 
limited to, aza and deaza pyrimidine analogs,, aza and deaza 
purine analogs as^well^s. othetthecerocyclic base analogs, 
wherein one or more of "the'- carbon and- nitrogen atoms of the 
purine andpyrimidine.ringsthave been substituted by ; 
heteroatomsv^g.; oxygen .^sulfur, selenium, phosphorus, and the 
like. Preferred base moieties are those bases that may be 
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incorporated into one strand of double- stranded polynucleotides 

;so as to maintain a base pairing structural relationship with a 

^naturally occurring base on the complementary strand at the 

double-stranded polynucleotide. \ 

The invention provides many methods of treating a variety 

of immune disorders. The terms "treatment" or "treating" as 

u s ed -hexe4n— wiAh— ref erence to \ a dis e as e refers both| t o- pro p 

laxis and to the amelioration j of symptoms already present in an 

.individual. It will be appreciated by the person of ordinary 

;.skill in the art that a treatment need not be completely 

effective in preventing the onset of a disease or in reducing 

the symptoms associated with the disease. Any reduction of the 

severity of symptoms, delay in the onset of symptoms, or delay 

in the progression of severity of symptoms is desirable to a 

patient . Immune disorders that can be treated by the methods of 

the invent i o n include the diseases in which CD28 expressi ng T 

cells mediate or contribute to an undesired idiopathic effect. 

Inhibition of CD28 expression j results in the decrease of 

expression of cytokines normally produced by activated CD28* T 

cell, such cytokines include interleukin-2 , interferon aaratna, 

! ! 
and interleukin-8 . Accordingly, the methods of the! invention 

include, but are not limited to, methods of treating . diseases in 

which pathogenesis is mediated through interleukin-2, 

interf eron-gamma, interleukinf 8 , or a combination thereof; 

-.whereby a T cell mediated immune response is. interrupted or 

reduced. Examples of immune disorders that may be treated by 

administering the subject oligomers to a patient include "organ 

transplantation rejection, septic shock, tumor- induced cachexia. 

and numerous auto-immune diseases. Autoimmune diseases that may 

be treated by the subject methods include diseases that are 

mediated by aberrant T cell activation including Type I 
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(insulin-dependent) diabetes, thyroiditis, sarcoidosis, multiple 
sclerosis, autoimmune uveitis, ulcerative colitis, aplastic 
anemia, systemic lupus erythematosus, rheumatoid arthritis, 
parasite induced inflammation and granulomas, Crohn's disease, 
psoriasis, polymyositis, dermatomyositis , scleroderma, 
vasculitides, psoriatic arthritis, Graves disease, myasthenia 
gravis, autoimmune hepatobiliary disease, and the like. 
Additionally, the methods and compositions of the invention 
provide for the treatment of a variety of syndromes, including 
septic shock and tumor- induced cachexia, in which the pathogenic 
effects are mediated, at least in part, by the lymphokine 
secreted from activated CD28* T cells. 

The disease treatment methods of the invention comprise the 
steps of administering an effective amount of the subject 
oligomers to a patient. The precise dosage, i.e., effective 
amount, of CD28 -specific oligomer to be administered to a 
patient will va r y with nume r ous factors such as the specific 
disease to be treated, the precise oligomer (or oligomers) in 
the therapeutic composition, the age and condition of the 
patent- and the like. Protocols for determining suitable 
pharmaceut ical dosages are well known to those cf ordinary skill 
in the ; art and can be found, among other places, in Remington's 
Pharmaceutical Sc-ience (latest pHiHnn) Mack Publishing : 
Company, Easton, Pa., and -the like. - • ; - 

;{ In addition to administering the CD28 targeted oligomers 
directly to a , patient,-, the . invention contemplates methods of 
.treatment in which. CD28' cells, ipr cells having the potential to 
express CD28) are removed from -..a patient (with or without other 
cells) ; and transformed .with ^one ..or more dif ferent oligomers of 
the invention. .Transformation -may be by any of a variety of 
means well known to the person skilled in the art, e.g.. 
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electroporation, cationic lipids such as DOTMA or DOSPA, and t'he 
like. Transformed cells may then be reintroduced into the body. 

Another aspect of the invention is to provide methods of 
treating immune disorder by means of administering CD28 -specif ic 
oligomers, wherein the oligomers are produced intracellular^ 
through recombinant p ol ynucleotide e xpression ve ctor s. 



Intracellularly-produced Cp28-specif ic oligomers are necessarily 
RNA or DNA molecules. Recombinant polynucleotide vectors for 
the expression of polynucleotide sequences of interest are well 
known to the person of ordinary skill in the art of molecular 
biology. Detailed descriptions of recombinant vectors for the 
expression of polynucleotides of interest can be found in, among 
other places, "Somatic Gene Therapy, ed. P. l . Chang, CRC 
Press, Boca Raton (1995), R. c. Mulligan, Sclent 2^:926-932 
(1993), F. W. Anderso n/ Science , 2££:808-873 (1992). Culver ^ 
al., Hum. fiene ThPr .', 2:107-109 (1991), and the like. Suitable 
recombinant vectors for use in the subject methods of treating 
immune disorders through genetic engineering are either able to 
integrate into the genome of T cells or replicate 1 in the 
cytoplasm of T cells. CD28 -specif ic oligomers for use in 
intracellular administration are preferably significantly longer 
than CD28-specific oligomers for extracellular administration. 
• :In a Preferred embodiment .of the subject methods of 
intracellular CD28 administration, the CD28-specif ic oligomer is 
complementary to one or more entire CD28 transcripts or the 
entire CD28, gene; however, suitable intracellularly-produced 
CD28- Sp e C ific oligomers may be considerably shorter in length. 
- Unlike :extracellularly-administered :CD28 -specif ic oligomers, 
;CD28-specific oligomers: do not. present problems with - 
. intracellular uptake or hydrolysis by extracellular enzymes. 
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The subject methods of using intracellular CD28-specif ic 
oligomers may involve administering CD28 -specif ic oligomer- 
encoding recombinant vectors directly to a patient. 
Alternatively, CD28-specif ic oligomer -producing vectors may be 
administered directly to cells that have been removed from a 
patient (i.e., stem cells, T cells, whole blood, marrow, etc.), 
whereby transformed cells are produced. The transformed cells 
may be subsequently be reintroduced into a patient. 

The invention also specifically provides for expression 
vectors capable of expressing' one or more of the oligomers of 
the. invention. Generally, such expression vectors comprise, in 
operable combination, a promoter and a polynucleotide sequence 
encoding an oligomer capable 'of inhibiting the expression of 
CD28 in a T cell. Although many different promoters may be used 
in the vectors of the invention, preferred promoters are capable 
of driving the high level expression in T cells. The expression 
vectors of the invention may also comprise various regulatory 
sequences. Currently available expression vectors, especially 
those vectors explicitly designed for gene therapy, may readily 
be adapted for the expression of CD28-targeted oligomers of the 
invention. The vectors may be adapted for the expression of 
CD28-targeted oligomers using conventional genetic engineering 
techniques such as those described ±n Sambrook et al., Molecular 
pinning . 2nd Ed., Cold Spring Harbor Press , Cold Spring Harbor, 
N.Y. (1989). •• ' ■"' r;; " v>;:: ' w ' ' n '' 

: Another aspect of the invention: is --to-. provided " 
: , pharmaceutical" --formulations for the- administration'- of the 
oligomers of the invention so as -to-effect: the- treatment of 
immune' system-mediated diseases .. . - These. pharmaceutical-, for^ 
mulat ions may be readily produced by." the: person of - ordinary 
skill in the art of pharmaceutical science.. Such formulations 
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comprise one or more of the oligomers of the invention; however/ 
i in embodiments of the invention comprising more than one 
•different types of oligomers, the oligomers are preferably 
selected so as to not be able to hybridize with one another. 
The. pharmaceutical formulations of the invention may be adapted 
for administration to the body in a number of ways suitable for 

the sele cted method of admi nistrati on, including orally, 

intravenously, intramuscularly, intraperitoneal^ , topically, 
.and the like. In addition to comprising one or more different 
f oligomers of the invention, the subject pharmaceutical 
formulations may comprise one or more non-biologically active 
compounds, i.e., excipients, isuch as stabilizers (to promote 
long term storage), emuisifiers, binding agents, thickening 
agents, salts, preservatives, and the like. 

Formulations for parenteral administration may include 

sterile aqueous solutions, which may also co ntain buffpr-s, 

diluents, and other suitable additives. Pharmaceutical 
formulations of the invention may be designed to promote the 
cellular uptake of the oligomers in the composition, e.g., the 
oligomers may be encapsulated in suitable liposomes. 

Pharmaceutical formulations for topical administration are 
especially useful for localized treatment. .Formulations, for 
topical treatment included ointments, sprays, gels,| suspensions, 
-lotions, creams, and the -like.. Formulations for topical 
administration may include in . addition to the subject 
-oligomers , , known carrier materials such as isopropanol, 
.glycerol, paraffin ' stearyl. alcohol, polyethylene glycol, etc. 
. .The pharmaceutically acceptable -carrier may also include -a known 
chemical absorption prompter , , .Examples of absorption promoters 
are e.g. , .dime thylacetamide (United. States Patent 
No. 3,472,931), trichloro-ethanol or trifiuoroethanol (United 
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States Patent No. 3,891,757), certain alcohols and mixtures 
thereof (British Patent No. 1,001,949), and British patent 
specification No. 1,464,975. 

In addition to the therapeutic uses of the subject 
oligomers, the oligomers may also be used as an analytical 
laboratory tool for the study of T cell activation. T cells 
have several surface receptors in addition to CD2 8 and the 
antigen specific T cell receptors. Difficulties arise in 
studying the individual biological properties of selected 
receptors because of potential and actual interactions between 
multiple receptor-mediated pathways. By providing a mechanism 
for decreasing CD2 8 expression in T cells, the oligomers and 
methods of the invention also provide useful laboratory methods 
for studying T cell behavior independently of the CD28 
activation pathway. 

The invention may be better understood . by referring to the 
following examples. The following examples are offered for the 
purpose of illustrating the invention and should not be 
interpreted as a limitation of the invention. 

VI . " EXAMPLES - SERIES 1 

Oligonucleotides 

• Oligodeoxynucleotides were synthesized on an "automated DNA 
synthesizer (Applied Biosystems model 394) using 'standard ; - 
phosphoramidite chemistry: (5-cyanoethylphosphdramidites/ 
synthesis reagents • and CPG polystyrene columns were purchased 
from Applied Biosystems (ABI ; -Foster *City.-: : CAK 3 • -AminoModi - 
fier C3 CPG columns were purchased from Glen Research (Sterling, 
VA) : ' For phosphorothioate oligonucleotides ,* "the 'standard 
oxidation bottle was replaced with tetraethylthiuram ~y 
disulfide/acetonitrile, and the standard ABI phosphorothioate 
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program was used for the stepwise addition of phosphorothioate' 
linkages. After cleavage fro. the controlled pore glass column 
the protecting groups were removed by treating the oligonucleo- 
tides with concentrated ammonium hydroxide at ss°c for 8 hours 
The oligonucleotides were purified by HPLC using a reverse phase 
semiprep C8 column (ABI) . Following cleavage of the DMT 

protecting group , tr e atm e nt with 00 4 ac et ic acid and ethancl 

precipitation, the purity of the product was assessed by HPLC 
using an analytical CIS column (Beckman, Fullerton, CA) . All 
oligonucleotides of >90 % purity were lyophilized to dryness 
Oligonucleotides were reconstituted in sterile deionized water 
(ICN, costa Mesa), adjusted to 400 „M following evaluation o* 
°D260n m , aliquoted and stored at -20"C prior to experimentation 
in all cases, at least three batches of each oligonucleotide 
listed in Table 1 were used. 



Ce ll linrp and T cell nuHf^^j ^ 

Peripheral blood mononuclear cells (PBMCs) were isolated 
from the buffy coat following Ficoll-Hypaque density gradient 
centrifugation of 60 ml blood from healthy donors. 1 T-cells were 
then purified from the PBMCs using Lymphokwik lymphocyte 
isolation reagent specific for T-cells (LK-25T, One, Lambda, 
Canpga Park CA) . An average yield of 40 -60.x 10' cells were 
jthen incubated overnight at 37 0 C in 20 - 30 ml RPMI -AP5 • 
jmPMI-i^O medium ( ICN,..l jcosta Mesa, CA) containing 20 fiM HEPES 
jbuffer. jP H 7.4, 5% autologous plasma,. 1 VL-glutamine, l % 
penicillin/streptomycin and: 0.05% 2-mercaptoethanol) .to remove . 
;any contaminating adherent ..cells. .:. In,ali " experiments, T-cells 
; r ere . ^^d with RPMI-AP5 and then plated on ' 96-weil microtitre ' 
plates a : t a cell concentration of .2 .- 3 ,x io« cells/ml. 
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The T-cell lymphoma cell lines, Jurkat E6-1 (CD28+/CD4+) 
cells (152-TIB) and HUT 78 (CD28-/CD4+) cells (TIB-161) (ATCC, 
Rockville, MD) were maintained in RPMI-10 (RPMI-164 0 medium con- 
taining 20 nM HEPES buffer, pH 7.4, 10 % fetal calf serum (FCS) 
(Hyclone, Logan, UT) , 1 % L-glutamine and 1 % penicillin/strep- 
tomycin) . 

Mitogen- induced T-cell activation 

and oligonucleotide treatment 

Prior to the addition of human peripheral T-cells or T-cell 
lymphoma cell lines (0.2 - 0;.3 x 10 6 ) , duplicate 96-well 
microtitre plates were pre-coated with purified anti-CD3 
monoclonal antibody (mAb) (6!. 25 - 200 ng/well) (clone HIT 3a, 
Pharmingen, San Diego, CA) and washed twice with cold 
phosphate-buffered saline, pH 7.4 (PBS). Anti-CD3 mAb-treated 
T-cells were further activated by the addition of 2 ng phorbol 
12-myristate 13 -acetate (PMA) (Calbiochem, La Jolla, CA) and 
incubated for 48 h at 37°C. ■ Anti -CD3/PMA-activated T-cells were 
treated with 1 - 20 (iM CD28-specif ic and control oligonucleo- 
tides immediately following iactivation and re-treated 24 h 
later. T-cells from one duplicate plate was used for immunoflu- 
orescence analysis and the supernatants used for cytokine 
studies and .the second plate was used for T-cell proliferation 
• analysis . ::;-;.o- .. 

Immunofluorescence studies . , 

Following activation, - 150 ml cell supernatant from the 
first duplicate microplate was transferred to another micropiate 
for analysis of cell -derived cytokine production. The remaining 
cells were washed twice with isotonic saline solution, pH 7.4 
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(Becton Dickinson, Mansfield, MA) and resuspended in 50 ml 
isotonic saline solution and split into two samples. One sample 
aliquot was co-stained with either PE - CD 2 8 / F I TC - CD 4 or 
PE-CD54/FITC-CD.25 mAb and non-specific fluorescence was assessed 
by staining the second aliquot with PE/FITC- labeled 
isotype -matched control monoclonal antibody. All 
fluorescence -labeled monoclonal antibodies were obtained from 
Becton Dickinson (San Jose, CA) . Incubations were performed in 
the dark at 4°C for 45 min using saturating mAb concentrations. 
Unincorporated label was removed by washing in PBS prior to the 
analysis with a FACScan flow cytometer (Becton Dickinson) . 
Antigen density was indirectly determined in gated live cells 
and expressed as the mean channel of fluorescence (MCF) . 
Surface expression of specific antigens (CD54, CD25) was repre- 
sented as the mean channel shift (MCS) obtained by subtracting 
the MCF of FITC- or PE- labeled isotype-matched (IgGl) control 
mAb-stained cells from the MCF of FITC- or PE- labeled 

antigen-specific mAb stained cells. Alternatively, surface 

i ! 
expression of the CD4*-subset of cells stained with CD28 mAb was 

determined by subtracting the MCF of CD28* CD4* from the MCF of 
CD28 - CD4" cells. The viability of control untreated and oligo- 
nucleotide -treated cells were determined in each batch of all 
oligonucleotides in multiple; donors by staining with:<the' vital 
dye, propidium iodide (5 /xg/ml f inal concentration) ; : The 
percentage of live cells which excluded propidium . iodide/. was 
determined by flow cytometry! and was > 90 % (range 90 - 99 %) 
following treatment with all; batfches,. of . all. oligonucleotides at 
a dose' range of 1 ; - 20 fiM (Figure 2) : .. ; 
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Cytokine ana3 Y »Pff 

Cell-derived human cytokine concentrations were determined 
in cell supernatants from the first duplicate microplate. 
Mitogen-induced changes in interleukin-2 (i L -2) levels were 
determined using a commercially available ELISA kit (R&D 
systems Quantikine kit, Minneapolis, MN) or by bioassay using 

^the_lL^defiendent-c ell lin e , CTLL - 2 (ATCC, Rockville, MB) . 

Mitogen-induced changes in interf eron-gamma and iiiterleukin- 8 
: (IL-8) levels were determined by ELISA using kits | from Endogen 
■ (Cambridge, MA) and R&D systems (Quantikine kit; Minneapolis, 
MN) respectively. All ELISA results were expressed as pg/ml and 
the CTLL-2 bioassay as counts per minute representing the 
IL-2 -dependent cellular incorporation of ^-thymidine (ICN, Costa 
Mesa, CA) by CTLL-2 cells. ' 

T-cell nrolifgi-ttMnn flppflY : 



The second duplicate microplate in all experiments were 
analyzed for changes in mitogen-induced T-cell proliferation. 
72h following anti-CD3/PMA activation and in the absence or 
presence of oligonucleotides^ cells were pulsed with l M Ci ~ 
3 H-thymidine (ICN, Costa Mesa',. CA) and incubated overnight at 
37 ° C - M itogen-induced cell growth, -as assessed by j incorporation 
of radioactive label;. was determined by harvesting! the cells and 
scintillation counting on a Wallac Betaplate counter (Wallac, 
Gaithersburg, MD) . 

Inh i b i tion Of CD28 expression * h aeM v ^ M , J 

human - T , rf . ll6 by cpas- specifi c o ii e r Qn ,^T^ r HrfT 

'Xnti-'CD3/PMA- treatment: of .human T-cells increased the 
surface: expression of CD28 (using immunof luorescence ■ analysis) 
from a MCS of 122 .7.74 in resting T-cells to a MCS of 150 ±9 .27 
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(n = 9) The difference in CD28 expression in resting and 
activated T-cells is defined as mitogen- induced CD28 expression 
(Figure 3A) . Figure 3B and 3C shows the treatment of 
anti-CD3/PMA-activated T-cells with phosphorothioate (denoted as 
S-oligomers, Figure 3B) and phosphorothioate- 3 • amine (denoted 
as A-oligomers, Figure 3C> forms of CD28 -specif ic and control 
oligonucleotides in 2 donors and with 2 separate batches of each 
oligonucleotide. Of the four candidate oligonucleotides, RTOl - 
RT04, (Table 1), in the dose range 2 - 10 (M, both 
phosphorothioate and phosphorothioate -3 • amine forms of RT03 and 
R T04 were the most active inhibitors of mitogen- induced CD28 
expression, both inhibiting induced CD28 expression by greater 
than 50% (IC M ) at 5 ^ or less. These two oligonucleotides, 
which differ in length, were designed to hybridize with a 
stretch of double-stranded DNA, 5- upstream of the transcription 
initiation site of the CD28 gene. : No similar dose -dependent 
inhibition of mitogen-induced CD28 expression was observec wxcn ~ 
the control oligonucleotides, RTC01 (SEQ ID NO: 5) - RTC06 (SEQ 
ID NO: 10) (Table 1) - All experiments were performed on at 
least three batches of each oligonucleotide using T-cells from 7 
donors: The fact that oligonucleotide regulation of CD28 
expression was demonstrable • in human T-cells is critical because 
peripheral, epidermal and dermal j T.- lymphocytes are the intended 
target' of CD28-specif ic: oligonucleotides. • ■: 

T nni Ht i- r " f mitogen --inducei T-gell 

The mitogenic effector anti-CD3/PMA treatment was 
demonstrable by. the augmented, proliferation observed. following 
. the activation of resting T-cells. The incorporation- of,, 
>H- thymidine /represented as counts per-minute, was -301641 , 
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47856 (n = 9) in activated T-cells and 650 ± 566 (n = 9 ) in 
resting T-cells. The effect 'of anti-CD3 and PMA on T-cell 
proliferation are synergistic as shown in Figure 4A. Figure 4B 
shows a representative experiment of the effect of CD28 -specif ic 
and control phosphorothioate ^oligonucleotides on 
anti-CD3/PMA-activated T-cell proliferation. In at least seven 

separate experiments, all in t he d ose r ange 2 10 /iM, bo 

phosphorothioate (data not shown) and phosphorothioate- 3 ' amine 
(Figure 4B) forms of RT03 and RT04 were the most active 
; inhibitors of mitogen- induced T-cell proliferation, inhibiting 
T-cell proliferation by up to 45%. No similar dose-dependent 
inhibition of mitogen- induced T-cell proliferation was observed 
with the control oligonucleotides, RTC01 (SEQ ID NO: 6) - RTC06 
(SEQ ID NO: 10) . Here, treatment with CD28-specif ic oligo- 
nucleotides, RT03 and RT04, could reverse the hyperprolif eration 
of activated T-cells th us demonstrating that rpgniatinn o f the 
CD28 pathway had a significant effect on one vital biological 
function of T-cell activation, T-cell proliferation. 

I nhibition of activated T-cell -der i ved evtr>V-i r ^ 
Production bv CD2 8 -specific oliqonu cleotidftH 

Activated :T-cells produce a variety . of immunomodulatory 
cytokines .including IL-2, interferon-gamma and IL-8.. CD28 
-inducible; restriction elements for IL-2 and IL-8 have been 
demonstrated in the. promoter ; sequences for both genes and have 
subsequently been shown to be regulated by the CD28 pathway 
(Fraser" et a!.-: .(1991) Science. 251': 313 -316 , Seder et al.., (1994) 
J Exp Med l79:299-304) . . Interferon-gamma also has been "shown to 
be regulated by .the CD2 8 pathway (Wechsler et al . J. Tmimmni 
152:2515,-2523 .(1994) ) . AntirCD3/PMA treatment of resting 
T-cells dramatically increased the T-cell -derived levels of all 
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three [ cytokines {Figures 5A, 6A and 7A) . Figure 5, 6 and 7 res- 
pectively depict the effect of phosphorothioate (B) and 
phosphorothioate-3 ' amine ® versions of CD28-specif ic and 
control oligonucleotides on IL-2, interf eron-gamma, and IL-8 
production in activated T-cells from the same representative 
donor. The CD28-specif ic oligonucleotides, RT03 (SEQ ID NO: 3) 
and RT04 (SEQ ID NO: 4) but not the control oligonucleotides, 
RTC01 (SEQ ID NO: 5)- RTC06 (SEQ ID NO: 10) (data not shown)), 
inhibited mitogen- induced IL-2, interf eron-gamma , and IL-8 
production in activated T-cells in a dose-dependent manner. 
Both phosphorothioate (IC 50 5 ixM) and phosphorothioate-3' amine 
(IC SC 10 fiM) forms of the CD28-specif ic oligonucleotides were 
equally active in the dose range 2 - 10 /xM. Similar results for 
all three cytokines were seen with 4 or more different donors. 
These observations demonstrate that CD28-specif ic oligonucleo- 
tides were also capable of regulating multiple effector 
molecules of the CD28 pathway of T-cell activation. 

Specificity of ol igonucleotide inhibition of CD2 8 expression. 

The specificity of the 'CD28-specif ic oligonucleotides, RT03 
andt. RT04 was evaluated by three methods . 

(1) CD2 8 -independent T-cell activation markers . .? 
:y The first method was to determine whether these CD28- ; 
specific oligonucleotides were able to. inhibit the expression of 
other human T-cell activation markers which act independently of 
the CD28. : costimulatory pathway. | Activation of resting ••-T-cells 
significantly increases the. 'expression of both the IL-2 receptor 
(CD25). and the intracellular^ adhesion molecule, ICAM-1.'(CD54) . 
However, both these accessory molecules are regulated - 
independently of the CD28 pathway (June et al.. Mol . r^ll Biol . . 
2:4472-4481 (1987), Damle et 3.1:, Immunol . . 14_a:2541- (1992) ) . 
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Figure 8 shows the effect of CD28-specif ic and control oligo- « 
;. nucleotides on CD25 (Figure 8A) and CD54 (Figure 8B) expression 
, in mitogen- activated T-cells. No significant decrease in the 
activated T-cell expression of both CD25 and CD54 were observed 
following treatment with all CD28- specific and control oligo- 
nucleotides in the dose range^ - 10 /zM. This clearly 
demonstrates the specificity; of the^CD?R -specif ic oligonucleo- 
tides in inhibiting expression of their target protein. 
(2) CD2 8 -negative T-cell line, HUT 78 

The second method was to demonstrate that the CD28 pathway 
was really the target for CD28-specif ic oligonucleotides by 
comparing mitogen- induced IL-2 production in a CD28+, T-cell 
leukemia cell line, Jurkat E6-1 and a CD28-, T-cell lymphoma 
cell line, HUT 78. Figure 9A confirms the absence of CD28 
expression in both resting and activated HUT 78 cells whereas 
constitutive levels of CD28 increases upo n activation in .t,,^ 
E6-1 cells (Figure 9B) . ; In <p28 + Jurkat E6-1 cells, 
CD28-specific : but not control oligonucleotides were able to 
inhibit mitogen-induced CD28 expression (Figure 9C) and also - 
mitogen- induced IL-2 production (Figure 10B) . In contrast, in : 
CD28- HUT 78 cells, mitogen-induced IL-2 production was not 
affected by CD28-specif ic and control oligonucleotides (Figure 
10A). This clearly demonstrates the specificity of these oligo- 
nucleotides to inhibit only CD2 8 -regulated IL-2 production. 
(3) Specific activation of CD28 pathway 

The third method was to 'activate resting T-cells specif - 
ically via the CD28 pathway using. anti-CD28 monoclonal antibody 
in combination, with mitogens \ <anti-CD3/PMA) using identical 
protocols to ..those; used in. activating T-cells with mitogens 
alone. Anti-CD2 8 mAb in combination with PMA or anti-CD3 mAb 
has been previously shown to provide the costimulatory signal to 
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resting T-cells and promote only CD2 8 -dependent and not 
TCR-dependent augmentation of T-cell proliferation and cytokine 
production (June et al . , (1987) Mol ■ Cell B i ol • . 2:4472-4481). 
Phosphorothioate and phosphorpthioate-3 • amine versions of 
CD28 -specific but not control oligonucleotides were able to 
inhibit CD2 8 -dependent activation of IL-2, IL-8 and interferon - 
gamma production and T-cell proliferation in 

anti-CD28/mitogen-activated resting T-cells (data not shown) . 
This clearly demonstrates that only the CD28-specif ic oligo- 
nucleotides act only on the CD28 pathway of T-cell activation. 



Qliqonu , c l eQt ideB 

Oligonucleotides were synthesized with an Applied Bio- 
systems 394 DNA synthesizer, j Phosphorothioate linkages were 
introduced after the standard oxidation Dottie was replaced w.tir 
tetraethylthiuram disulf ide/acetonitrile . The purity of the 
oligonucleotides was assessed by ! analytical HPLC. All oligo- 
nucleotides of >90 % purity Were lyophilized to dryness and 
reconstituted in water (400 |xM) At least three batches of each 
oligomer listed in Tables 3 and 5 were used. 5< labeling : pf 
oligonucleotides was achieved using T4 polynucleotide kinase and 
"P-YATP. 

■!.../-. 

T eell arf_iva.ti fln Indies j 

. Peripheral blood mononuclear cells (PBMCs) were isolated 
from healthy donors by density gradient centrifugation followed 
by T cell enrichment using Lymphokw'ik (One Lambda) 

Contaminating monocytes we re removed by adherence to plastic. 

Purified T cells were > 99%:CD2' i , <1% HLA-DR* and < 5 % CD25'. 
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Jurkat E6-1 (CD28VCD4*) T cells and HUT 78 (CD28"/CD4*) T cell's 
and the monocytic cell line, THP were obtained from ATCC. Cells 
were cultured at a concentration of 0.2 - 0.3 x lO'/well and 
activated with plate-immobilized anti-CD3 monoclonal antibody 
(mAb) (HIT3A 0.25 M g/ml) (Pharmingen) and 2 ng phorbol 
12 -myristate 13 -acetate (PMA) (Calbiochem) . 

Iimminof luoregg^ nce flMif j j ft p ' 

Cells were co-stained ; with either PE-CD28/FITC-CD4 or 
PE-CD54/FITC-CD25 mAb or with PE/FITC- labeled isotype-matched 
controls (Becton Dickinson) . Cell surface antigen density 
(CD28, CD54, CD25) was confirmed by flow cytometry (FACScan, 
Becton Dickinson) . Viability was assessed by propidium iodide 
(5 M g/ml) exclusion in control untreated and oligo-treated CD4* 
cells from multiple donors land was typically > 90 % (range 90 - 
99 %) following 48h incubation with 1 - io ttM o f each harrh of 
all oligonucleotides. I 

Prg li ffirnfipn and cvtokin* '^ n ny ff 

Proliferative responses were assessed by measuring J H 
-thymidine (1m Ci. ICN) : incorporation for the last 16h of. each 
assay. Cells, were harvested onto filters and DNA synthesis was 
measured- following scintillation counting on a Wallac. Betaplate 
counter. Cytokine concentrations in culture supernatant^ were 
assayed using EL ISA kits for IL-2, IL-8 (R & D Systems) and IFN- 
Y (Endogen) or by bioassay using the IL-2 -dependent cell line, 
CTLL-2 (ATCC). ... - L .. . : ... : , . : ... 

RT-PCR and Souths Analvflj * ; 

Total cellular RNA; was! extracted .using Trizol reagent 
(GIBCO/BRL) . - . The cDNA synthesis reaction (Promega) was 
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performed using oligomer (dT) ls primer and AMV reverse 
transcriptase (H. C). The PCR reaction (GeneAmp PCR kit, 
Perkin-Elmer Cetus) consisted of 50 nl mixture containing 3 fil 
of cDNA; dNTPs (each at 200 /iM) , 0.5 of each primer and 1 
unit of Taq polymerase. The primers used were as follows : CD28 , 
5 ' - CTGCTCTTGGCTCTCAACTT- 3 ' (sense) and 5' AAGCTATAGCAA GCCAGGAC- 
3' (antisense) , interleukin-2 receptor p55 alpha chain primers 
(Stratagene) and pHE7 ribosomal gene. Kao, H.-T., Nevins, J. R. 
(1983) fl/ini cy»n - Biol . 3, 2058-2065 Amplification conditions 
were 45' sec at 94°C i 1 min at.57°C and 2 min at 72°C for 35 
cycles, : followed by 8 min at 72°C. PCR products were separated 
on 2% agarose, transferred to Hybond N+ membrane (Amersham) in 
20 X SSC overnight and immobilized using 0.4 M NaOH. Blots were 
hybridized with "P-yATP labeled oligonucleotide probes. Washed 
blots were then analyzed using Phosphor Imager . 



MTiR and » n nantioetl- BPecif i.C T Cell aSSftYg 

For MLR responses, PBMCs were cultured (1:1) with mitomycin 
C-treated (50 fig/ml) PBMCs from a HLA- disparate individual. In 
alloantigen-specific T cell assays, T cells isolated from PBMCs 
of t^tanus-toxbid-primed healthy donors were cultured (1:15 with 
autologous mitomycin C-treated PBMCs in the presence of te|anus 
toxoid (2 -/tg/ral. List Biologicals) / In both assays, 2 x 10 s 
cells/well were cultured for 1 6 days at 37°C prior to-further 
analysis. L -• 

Tn vitro 9] iqonuc lfpUde Bhabilltv Studies 

Temporal oligonucleotide stability analyses were performed 
as described previously (Tarn! *^cV;*Li, Y. , Noonberg,- S . , 
Hwang, D. G. , Lui , G . , Hunt.^C. A., Garovoy, M. R. (1994) , 
■ Hr ^o<; »rHH* Res. 22, 977-986). : Oligonucleotide degradation 
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profiles were assessed by electrophoresis and guantitated using' 
Nickspin columns. 



Inh i b i t i on of CP29 rorftffB i on fry vhntmhor^^ ^ ^^^ 
t i doe i n ppfcif i c a n d nf'focti «nHv»fc«i t ^-p f l1 Tr rinn 

Figure 11 summarizes the effect of ^ the phosphorothioate 
oligonucleotides from Table 3 on sur f ace expression of accessory 
molecules and on cytokine secretion in activated T cells. The 
. oligomers used were designed^ to hybridize to the S' untranslated 
f region (UT) of the CD28 gene, and were either antisense (AS) or 
G-rich sequences. Control oligomers were either sense strand 
(SS) or complementary strand (CS) sequences. 48h treatment of 
resting T cells (R) with anti-CD3 antibody and PMA augmented the 
expression (Ac) of the accessory molecules, CD28 (A) , CD25 (B) and 
CD54© and of the cytokines, IL-2 (D) , IFNy (E) and IL-8(F) Data 
are presented as mean standard d eviation of ^i r ii c atc camples . 
The cumulative effect of two | additions (0 and 24h) : of 2/xM (|) , 
5/iM(|§) and 10 M M (||) of the phosphorothioates from Table 3 on 
activation- induced T cell function was monitored by 
immunofluorescence analysis (accessory molecules) and by 
determination of secreted cytokine levels using CTLL-2 bioassay 
(IL-2) and ELISA ..(IFNy. IL-8)L Surface antigen density (MCS) , in 
gated live CD4- cells was measured as the increase -in mean 
channel of fluorescence compared to IgGl" controls. In- 
dependent cellular^ incorporation ' of } H- thymidine' was measured as 
counts per minute (cpmj and immunoreactive IFNy and IL-8 as 
pg/ml. The' data shown, " all derived from experiments performed 
on T cells isolated from a single donor, are representative of 
experiments from 9 separate donors. 

Table 3. Phosphorothioate oligonucleotides 
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Oligo Sequence (5' to 3'] Description SEQ ID 

NO 





TTG 


TGG 


TGA 


CGA 


TGG 


GCT 


A 


AS 5' UT 79-97 




42 


RT02S 


AGC 


AGC 


CTG 


AGC 


ATC 


TTT 


GT 


AS 5 ' UT 94-113 




4 3 


RT03S 


TTG 


GAG 


GGG 


GTG 


GTG 


GGG 




G-rich 5' UT 58 


-75 


44 


RT04S 


GGG 


TTG 


GAG 


GGG 


GTG 


GTG 


GGG 


G-rich 5' UT 58 


-78 


45 


RTCOiS 


TAG 


CCC 


ATC 


GTC 


AGG 


ACA 


A 


SS to RT01 




46 


RTC02S 


ACA 


AAG 


ATG 


CTC 


AGG 


CTG 


CT 


SS to RT02 




47 


RTC0 6S 


AAC 


CTC 


CCC 


CAC 


CAC 


CCC 




CS to RT03 




48 



The data demonstrates that selected phosphorothioate 
oligomers (Table 3) can specifically block activation- induced 
CD28 expression in CD4* T cells. In a representative donor 
(Figure 11A) , activation- induced CD28 expression but not IL-2 
receptor (CD25) or intracellular adhesion molecule-l (ICAM-1 or 

CD 54) express i on, w as i nh ihir eri i n a dose-dependent manner by 

the phosphorothioate oligomers, RT03S (SEQ ID NO: 44) and RT04S 
(SEQ ID NO: 45) <IC„ * 5 pM) ;. No similar inhibition was 
observed with the antisense oligomers, RT01S (SEQ ID NO: 42) or 
RT02S (SEQ ID. NO: 43) or the; control oligomers, RTCOIS (SEQ ID 
NO: 46), RTC02S (SEQ ID NO: 47) and RTC06S (SEQ ID NO: 48). 
Furthermore, we provided evidence that the active oligomers 
modulated activation -induced CD28 by blocking transcription in 
activated. ^human.T cells. . At 10 MM, RT03S (SEQ ID N0:^4) and 
RT04S (SEQ ID NO: .45) but not a representative control, oligo, 
RTC06S ..(SEQ ID NO: 48)., reduced ^expression of activation- induced 
levels of.CD28 but not IL-2 jreceptor mRNA (Figure 12). 

Figure 12 shows the effect of phosphorothioate oligonucleo- 
tides at 10 MM on CD28 and CD25 mRNA levels. Resting (lane 1) 
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and anti-CD3/PMA-activated (6h) levels of^CD28 and CD25 mRNA, in 
the absence (lane 2) or presence of the oligonucleotides, RT03S 
(SEQ ID NO: 44) (lane 4) , RTC06S (SEQ ID NO: 64) (lane 5) and 
RT03D (SEQ ID NO: 49) (lane ! 6) were detected following RT-PCR of 
total cellular RNA and Southern analysis using specific, 
radiolabeled probes. The CD28 probe was derived from exon 2 

-ACGGG GTT C A ACTGTGATGGGAAATTGGGCAA- 3 ' ) a n d for IL-2 rece ptor 
the probe was generated from the original primer mix. Equivalent 
loading was assessed following hybridization with a probe 
generated from pHE7 sense primer. RNA from CD28-def icient HUT 
(7) and THP (8) cell lines were used as controls The data shown 
are representative of 3 separate experiments. 

Thus the specific inhibition of CD2 8 mRNA levels by 
biologically active phosphorothioates paralleled their effect on 
CD28 surface protein. . Moreover, active oligomers abrogated 
activation- induced T cell function, as RT03S (SEQ ID NO: 44) and 



RT04S (SEQ ID NO: 45) but not RT01S (SEQ ID NO: 42) or RT02S 

(SEQ ID NO: 43) or the control oligomers, RTC01S (SEQ ID NO: 

46), RTC02S (SEQ ID NO:|47) and RTC06S (SEQ ID NO: 48), markedly 

inhibited ant i-CD3/PMA- induced synthesis of the cytokines, IL-2, 

IFNy and IL-8 by activated T~ cells (IC« ; < 5 mM, range 2-10 jiM) 

(Figure 11B) . . : " " ; ' ! 

As alternate cost imulatory pathways can also, induce 

lymphokine synthesis in activated-T cells . (Damle , N. K., 

I : i 

Klussman, ...K. , Linsleyv:; P.S.4 tAruff o, A,. ; ; (1992) , .T. Immunol . 148, 

1985-1992} it , was : important ; tD; determine whether; the biological 

activity of RT03S- (SEQ. ID NO: 44.) . and RT04S (SEQ ID NO: 45) was 

specific to functional . CD2 8 ^express ion. Accordingly, we 

compared the ef.fect. of phosphorothioates on anti-CD3/PMA- induced 

IL-2 production in a; CD28*, ;T cell leukemia cell line, Jurkat 

E6-1 and a CD28", T cell lymphoma cell line, HUT 78. As 
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summarized in Figure 13, 48h treatment of resting cells (R) with 
anti-CD3 antibody and PMA increased CD28 expression (Ac) in 
Jurkat (A, right) but not HUT 78 (A, left) cells. However, 
activation augmented IL-2 production in Jurkat, (C left), and 
HUT 78 (D, left) cells. The active oligonucleotides, RT03S (SEQ 
ID NO: 44) and RT04S (SEQ ID NO: 45), at 1 /zM (["]) 2 (M (^) , 5 
MM (^) and 10 (£"]) inhibited CD28 expression (B) and IL-2 
levels (C, right) in activated Jurkat cells but had no effect on 
CD28- independent IL-2 secretion in activated HUT 78 cells (D, 
right). The data shown are representative of three separate 
experiments . 

In Figure 13A, immunocytof luorometric analysis confirmed 
the absence of CD28 expression in both resting and activated HUT 
78 cells, whereas constitutive levels of CD28 increased upon 
activation in Jurkat E6-1 cells. Furthermore, in Jurkat E6-1 
cells, RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 45) (range 1 
- 10/iM) significantly inhibited both activation- induced CD28 
expression (Figure 13B) and IL-2 production (Figure 13C) . In 
contrast, although activated HUT 78 cells produced similar 
levels cf IL-2, no comparable oligo-dependent inhibition of this 
lymphokine was observed (Figure 13D) . 

*■.'-•«< We also demonstrated that T cell activation (expression of 
CD28 , " IL-2 , IL-8 and IFNy) directed by a specific anti-CD28 mAb 
in combination with anti-CD3, was blocked by biologically active 
phosphorothioate oligomers (data not. shown). Direct' 
crosslinking of CD28 molecules has been previously shown to 
promote only CD2 8 -dependent! andi not TCR-dependent augmentation 
of .T cell proliferation and; cytokine production (June, C. H . , 
Ledbet'ter, J. a: , - Gillespie , -M'.-j-M. ; Lindsten, T. , Thompson, C. 
B. (1987) Mol . Cell Biol . 7. 4472-4481 .) . Taken together; our 
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data strongly suggests that bioactivity of the active oligomers 
was specific to the CD28 pathway of T cell activation. 

inhib i tion of T g f»n proliWat i vp refmonnon in a n. r n M rn 
dgpwdm i i- T r, U WffffWY ^ primry a11orTpmHe ■ h nTirn .- rrr 
reaction by phopphor oth i oatp n ii m n,^ 1ff ^ 1l1rn 

We next compared the e J^Lca ry of the ' CD28 - s pecxrxc oligo- 

nucleotides, RT03S (SEQ. ID NO: 44) and RT04S (SEQ ID NO: 45) in 
blocking antigen-specific primary immune responses in vitro. In 
Figure 14, resting (A, B) and activated (E, F) levels of CD28 
are indicated for tetanus toxoid-specif ic T cell assay (top 
panel, A and B) and mixed lymphocyte reaction (bottom panel, E 
and F). The percentage of CD4-. CD28-hi T cells is shown in the 
right-hand marker for A, B, ! E and F. Oligomer activity was 
assessed by the potential of two additions (0 ancLSSh) of l M M 
Q? 2mM (J), 5 „ M and 10 m (||)phosphorothioate oligo- 



nucleotides from Table 1 to reduce the percentage of CD28-hi 
expressing T cells (C, G) and activated T cell proliferation (D, 
H) in each assay. Activation of T cells was induced in response 
to tetanus toxoid (top panel) or following stimulation of 
responder T cells (X) by mitomycin-C treated stimulator PBMCs 
<Y> (bottom panel) . These data are representative of three 
separate experiments. ; 

In Figure 14, using both tetanus toxoid-specif ic T cell 
assay (Figure 14B) and primary mixed lymphocyte reaction (Figure 
14F) , we observed the appearance of a subpopulation of 
activation- induced CD28-hi expressing T cells after the 6 day 
assay period. Addition of RT03S (SEQ ID NO: 44) and RT04S (SEQ 
ID NO: 45) (2 - io M M) resulted in a dose-related -diminution of' 
CD28-hi expression (Figs. 14C, 14G) and a corresponding decrease 
ir. tetanus toxoid-specif ic (Figure 14D) and responder cell 
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antigen-specific (Figure 14H) , T cell proliferation. No similar 
effect was observed with RT01S (SEQ ID NO: 42) or the control 
oligomers, RTC01S (SEQ ID NO:' 46)', RTC02S (SEQ ID NO: 47) or 
RTC06S (SEQ ID NO: 48) . 

T n Q ij ^ n iiriA»tidf» stability eyr-ftndg the biologica l 

r , f H.vftv "f phosp h o-rnfchioate QliqbxWClCgtidOg • 

It; is known that modification of oligomers with phosphoro- 
thioate! internucleotide linkages can impart nuclease resistance 
and thus extend the in vitro bioactivity from l - 2h to 24h 
(Stein.! C. A- f Cheng, Y. C. (1993) SfiifiUCS 261. 1004-1012.). 
Table 4< shows the temporal effect: of phosphorothioates , RT03S 
(SEQ ID. NO : 44) and RTC06S (SEQ ID NO: 48) on surface CD28 
expression in the continued presence « or following removal of 
oligonucleotide from the extracellular milieu on day 2 (D) . 
Monitoring was performed by immunof luorocy tome try . Results are 
expressed as the difference in surface antigen expression of 
activated T cells (MC F J and pllyuuucleott de-ttreated-naetAvafeed^T. 
cells (MCF X ) . CD28 expression in resting T cells on day 2 to 4 
was in : the range 119 - 121. «ND» represents no distinguishable 
difference. 
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Table 4. Temporal accivity of phosphorothioates following 
continuous or discontinuous oligonucleotide treatment 



Differential CD28 expression (MCF A - MCF X ) 
RT03S (SEQ ID RTC06S (SEQ ID 

i N0: 4 4) , NO: 47) 



-Day 



2 




144 . 8 


18 


.4 


8.9 


9.3 


1.9, 


1 . 7 


ND 


3 


C 


13 5. S 


21 


.9 


15.9 


5.1 


ND 


ND 


3.2 


3 


D 


136 . S 


18 


3 


11.8 


7.1 


1.7 


3.8 


1 


4 


C 


128 . 9 


IB 


2 


9.7 


6 . 1 


ND 


ND 


ND 


4 


D 


130.1 


2 


3 


ND 


ND 


ND 


ND 


ND 



As shown in Table 4, the duration of effect of RT03S (SEQ 
ID NO: 44) exceeded 24h and persist t-h™„ gh ^ y , and ^ 
relative to oligomer dose. . However, upon removal of RT03S (SEQ 
ID NO: 44), from the extracellular milieu on day 2, the 
inhibitory activity remained for 24h and was then completely 
abolished within the next 24h. No oligomer activity was 
observed with a representative control ciigo, RTC06S (SEQ ID NO: 
48) throughout the same time course. A similar phenomenon was 
observed with oligo-mediated inhibition of activated T cell 
proliferation (data" not' shown) . "-Increased bioavailability 
provided by phosphorothioate; modification alone cannot account 
for the remarkably prolonged bioactivity : of RT03S . (SEQ ID NO: 
44 ) . Therefore , we demonstrated -that. :the extended duration of 
effect was associated with" additional ..in vitro stability 
provided by the secondary structure of RT03S . (SEQi ID NO: 44) . 

Figure 15 summarizes test results on the in vitro stability 
of ' ; P- labeled phosphorothioates, RT03S (SEQ ID no : 44- and 
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RTC06S (SEQ ID NO: 48) in extracellular supernatants (top panel) 
and Jurkat cell lysates (bottom panel) . (A) Time-dependent 
degradation (0 - 96 h) of each oligonucleotide (2000 cpm) was 
assessed by electrophoresis on a 20% polyacrylamide denaturing 
gel followed by visualization using a Phosphorlmager . (B) The 
percentage of intact full length. "P- RT03S (SEQ ID NO: 44) (o) 
and 32 P- RTC06S (SEQ ID NO: 48) (•) remaining at each time point, 
relative to t = 0, was determined in eluates from 10000 cpm of 
extracellular supernatants and cell lysates applied through 
Nickspin columns (Pharmacia) . Molecular weight standards (Std) , 
"P-dNTP (N) and free > : ?-orthophosphate (P) were simultaneously 
analyzed. 

In Figure 15A, the electropherograms clearly show that, for 
both extracellular supernatants (S) and cell lysates (L) , 
considerably more intact »P-labeled RT03S (SEQ ID NO: 44) than 
RTC06S; (SEQ ID NO: 48) remained following a 96h incubation with 
Jurkat! cells. Consistent with this observation are the Nickspm 
column 1 data (Figure 15B) . Here / the percentage of intact 
oligomer recovered from RT03S (SEQ ID NO: 44) after 96h was. 54% 
(S) and 59% (L) and from RTC06S :(SEQ ID NO: 48) was 10% (S) and 
34% (L) . In addition, secondary structure alone is not 
sufficient to account for the increased nuclease resistance and 
duration of bioactivity of RT03S (SEQ ID NO: 44) as its < 
phosphodiester counterpart, .RT03D had little bioactivity (Table 
:5), and from in vitro stability -Jtudies.- only had a half-life of 
• 24h (data not shown) . " i ' | 

: Table ;5; Identification of . oligonucleotide sequence. 

responsible for inhibition of CD2B expression and CD28 -dependent 
:■ IL-:2 production 
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Oligo 



* Relative Inhibition of expression 
Sequence C D28 il-2 



SEQ ID 
NO: 



100 



50 



RT03S (D) TTG GAG ££S_STG GT2LS2S 100 (3) 100 (44) 44(49, 
RT11S GjGG_QAG GA G GGG CTG GAA 100 

GGG TTG GAG GGG G TG! GTQ 
GGG 

TTG GAG ££G_£AG G AG GGG 
TTG GAG GGG G AG GT G GGG 
TTG GAG GCG G TG GT G GGG 
TTG GAG CCG G TG GT G GCC 
TTG GAG GGG C TC ! CT C : GGG 
TTG GAG CCG G TG GT G G 
GGG GTG GT G GGG 1 



~ RT04S 

RT05S 
RT09S 
RT10S 
RT24S 
RT25S 
RT23S 
RT18S 



123 



100 



RT19S G GGG TT G GGG 

RTC07S T G GGG 

RTC08S G GGG 

RT20S CAC TGC GGG G AG GGG TQ£ 

OS. 

RT21S ATG_£S£ TGC ACA AAC ,TS£ 

££ ■ 

RT15S AAC GTT G AG GGG CAT .: 

RT06S : TTC CAG ■ CCC CTC- CTC CCC 

RTC0 6 S AAC CTC CCC CAC CAC ! CCC 



;-26 
: 29 

' •4 • 



52 
22 

2 '■ 



45 



136 


100 


51 


126 


100 


52 


31 


38 


5 3 


40 


57 


54 


44 


25 


55 


38 


57 


56 


103 


120 


57 


30 


89 


58 


2 


2 


59 


2 


2 


60 


58 


76 


6 1 



.63 
64 
48 



In preparing the. data for" Table 5 . . .the in vitro activity o 
phosphorothioate oligonucleotides was determined by their 
ability to inhibit CD28 expression in anti-CD3/PMA-activated 
peripheral human T cells and their effect on activated IL-2 
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production in Jurkat T cells.: Results are expressed relative to 
the activity of 5 (iM RT03S (SEQ ID NO: 44) (100%) whose range of 
inhibition in 7 experiments was 52 - 79 % of CD28 expression 
and 76- 8 9 % of IL-2 production. The values for the 
phosphodiester form of RT03D,(SEQ ID NO: 49) are in parentheses. 

Identification o j ^Ti±mal sequence which confers biological 

activity in vitro j 

Active phosphorothioate,; RT03S (SEQ ID NO: 44), is an 18 
mer originally designed to hybridize to the 5' untranslated 
region pf the human CD28 gene, and has a sequence containing two 
sets of contiguous four G's.; To identify the sequence -related 
factors critical for inhibition of activation- induced CD28 
expression in human T cells and CD2 8 -dependent IL-2 production 
in Jurkat T cells, bases were selectively added, deleted or 
substituted from RT03S (SEQ ID NO: 44) and activity assessed 
relative, to the parent oligomer (Table 5) . Addition of three 
G's at 'the 5' end (RT04S) or one or more changes of T to A in 
the region between both four: G sequences (RT05S (SEQ ID NO: 51), 
RT09S (SEQ ID NO: 52)) did not reduce the inhibitory effect 
relative to RT03S (SEQ ID NO: 44). Interestingly, the sense 
sequence (RT11S (SEQ ID NO: 50)) also showed no change in 
activity relative to RT03S (SEQ ID NO: 44). However, in : 
contrast, deletion or replacement of one or more G's by cytosine 
(C) within both sets of, fourj-G's (RT10S (SEQ ID NO: 53) , RT2 4 S 
(SEQ • ID NO : 54), RT25S (SEQ jlD NO : 55), RT23S (SEQ ID NO : 56) 

(SEQ ID' NO:" '56) V "'resulted in a' marked loss of activity relative 

to RT03S (SEQ ID NO: 44). Deletion, of the six residues =' of 
the .-first four G's in RT03S • (SEQ ID' NO: 44) had no effect on the 
^inhibitory activity of the oligonucleotide (RT18S (SEQ ID NO : 
57)). : In contrast, reducing (RT19S (SEQ ID NO: 58)) or 
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increasing ( RT20S (SEQ ID NO: 61), RT21S (SEQ ID NO: 62)) the ' 
number of residues between both four G sequences dramatically 
reduced the inhibitory activity relative to RT03S (SEQ ID NO: 
44). TGGGG , GGGG or sequences containing' 4 consecutive G 's such 
as RT15S (SEQ ID NO: 63 had little or no inhibitory activity 
relative to RT03S (SEQ ID NO : 44). These data demonstrated that 
the biological activity of RT0 3S (.gqn ip NO: 4 4) j s d ep fa u 



a specific sequence motif comprised of 2 sets of 4 contiguous 
G's separated by 3-5 residues. 

In view of the tolerogenicity imparted by disrupting CD2 8 
function (Boussiotis, v, A.j, Freeman, G. J., Gray, G., Gribben, 
J., Nadler, L . M . (1993) J.; Exp, ^ . 178, 1753-1763.), it was' 
important to examine whether oligo-mediated inhibition of CD28 
expression could provide a more effective strategy for inducing 
T cell anergy and alloantigen-specif ic tolerance in vitro. We 
showed that the phosphorothioate oligomers, RT03S (SEQ td mo- 
44) and RT04S , inhibited ant i - CD3 / PMA- induced CD28 expression in 
human CD4* T cells by reducing both mRNA and mature protein 
levels relative to oligomer ! dose . Furthermore, in order to 
demonstrate target specificity, we examined oligo-mediated 
effects on IL-2 receptor and ICAM-l expression :. two accessory 
molecules known to be regulated .independently of,,the CD28 
pathway (Damle, N. K. , et al . , (i 99 2) J. Tm , n m 
1985-1992; June, C.H. et all, (1987) Mol. fan -n 
4472-4481; Stein, C. A., et|al..^.-C. C.1993) Szl<^261, 

1004-1012; Boussiotis, V. :K. , ret.al,, (1993) :,Pvr - m-H 178, 

1753-1763) . Correspondingly, both activated. message,and protein 
levels of CD25 and- surface expression cf CD54 were resistant tc 

oligomer action..:. . . ••: ;; . : . 

^stimulation via the. CD2 8- pathway directly induces 
expression of immunomodulatory -cytokines such as IL-2, IFN Y and 
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IL-8 in activated T cells (Fraser, J. D. , ec al . , (1991) pcj.en.ce 
251, 313-316 Jenkins, M. K. , et al., (1991) J , Immunol • 147, 

2461-2466; Seder, R. A., et al., : (1994) J, Exp, Med , 179, 
299-304; Wechsler, A. S., et al., (1994) J. Immunol. 153, 
2515-2523) . For tolerogenicity to be successful, active 
CD28 -specif ic oligomers must ^abrogate this function. 
Administration of active oligomers resulted in concomitant 
modulation of activation- induced IL- 2, IFNy and IL-8 production. 
To underscore the exquisite specificity of the active oligomers 
to inhibit CD2 8 -dependent functions, we showed that they were 
unable to prevent activation- induced IL-2 production in a 
CD28-def icient cell line, HUT 78. Furthermore, maximal oligo-- 
mediated inhibition of IL-8 production in activated T cells 
never exceeded 50% suggesting that an alternative regulatory 
pathway 1 driving CD2 8 - independent j IL- 8 production was preserved. 
Oligomer activity was not restricted to polyclonally activated T 
cells, :as inhibition of activation- induced CD28 levels ■ resulted" 
in dramatically reduced T cell proliferation in both MLR and in 
tetanus -toxoid- specific T cell assays. Thus, our active 
oligomers mediated alloantigen-specif ic tolerance in vitrc. and 
provide a promising alternative to the iigand capture strategy 
forSinducing T cell hyporespbnsiveness such as seen with CTLA 4 
Ig, a~*igh affinity B7 binder (Tan, P., Anasetti, C. , Hansen, J. 
A.. Melrose,. J. ,-Brunvand,: M. , Bradshaw, J. t Ledbetter. J. A., 
Linsley,-P...S. (1993) ~ Pyp>Med. 177, 165-173.) 

. In determining the duration of effect of the active- 
—pharmacophore/ we observed that RT03S (SEQ ID NO: 44) showed 
:.: surprisingly persistent -inhibition of both activated CD28 
expression and ZD2 8 -dependent T cell proliferation, even 96h 
following oligomer treatment.' Bioactivity was not related to 
toxicitv as uoon removal cf oligomer complete reversal of 
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inhibitory activity occurred within 24h. Moreover, upon 
comparison of the phosphcrothioates , RT03S (SEQ ID NO: 44) and 
RTC06S (SEQ ID NO: 48), our in vitro stability studies showed 
that secondary structure, mediated by the G-rich sequence in 
RT03S (SEQ ID NO: 44), increased two- to fourfold the nuclease 
resistance typically associated with phosphorothioates (Stein, 

C A., Cheng ^^c^a933)^4^£^2€^^&^4r. W 2.) . T h e ' 

extended half life (96h) of "P-RT03S (SEQ ID NO: 44) correlated 
with its duration of bioactivity. In addition, RT03D, the 
phosphodiester counterpart .of RT03S (SEQ ID NO: 44) , exhibited 
both reduced in vitro stability and bioactivity, jan observation 
which is consistent with previous reports (Maltese, J.-Y., 
Sharma, H. w. , Vassilev, L.j, Narayanan, R. (1995) Wuel^r 
^ 23 ' H46-1151). Therefore, stability imparted by secondary 
structure is not solely; responsible for the increased 

bioactivity of RT03S (SEQ ID NO: 44) . Thus the nuclear 

stability granted by both phosphorothioate modification and 
secondary structure may account for the prolonged inhibitory 
activity of RT03S (SEQ ID NO: 44) . ; 

Single base pair substitution in hybridization-dependent, 
antisense and antigene models can virtually .abolish activity 
(Maltese, J. -y ., sharma \ H. w., Vassilev, L . , Narayanan, :R. 
(1995) Nucleic Acids Res., 23, 1146-1151.).. . i n contrast, 
activity- of CD28-specific oligomers . was only dramatically 
reduced if sequential . substitution occurred within both sets of 
four G's implying defined structural requirement for oligomer 
function. in addition, | following., cacionic;. stabilization ■ (100 mM. 
KC1 and NaCl) of the secondary structure present in RT03S (SEQ 
ID NO: 44), ; the oligomer melting curve showed a transition 
profile (data not shown) which is suggestive of G r quartet 
formation (Hardin, C. C, Watson, T . , Corregan, - M. , Bailey, C. 
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(1992) pj^hgrnistrv 31, 833-841). Taken together, our data 
provide 1 evidence that this class of CD28-specif ic oligomers act 
via a hybridization- independent mechanism and that secondary 
structure of the sequence, possibly through G-quartet formation, 
delimits oligomer activity. |similarly, Bennett, C. F.. Chiang, 
M. Y . , Wilson- Lingardp, L., Wyatt, J. R. (1994) Nuc l e i c Ac i ds 
Res _ 22, 3202-3209, demonstrated that activity of their 
phosphorothioate oligomers was based on possible G-quartet 
formation in sequences containing two sets of three or more 
consecutive G and this suggested : that oligo-mediated regulation 
of human phospholipase A : was through specific nucleic 
acid-proteir. interaction. 

Specific protein recognition by a range of G-quartet 
structures have been demonstrated in telomeres, centromeres 
(Blackburn, E. H. (1990) » T Pip], Chem, 265, 5919-5921), 
immunoglobulin switch regions (Shimizu, A., Honjo, T. (1984) 

— 3 - 6) 801 -bu3) and a clas's o f r egulatory oligomers c alled 

aptamers (Bock. L. C, Griff|in, L. C., Latham, J. A., Vermaas , 
E. K., Toole, J. J. (1992) l£a£Ui£. 355, 564-566; Huizenga, D. E. , 
Szostak, J. W. (1995) A^nrhp'mistr/ 34, 656-665; 3ergan, R. , 
Corinell , Y . , Fahmy , 3., Kyle!. eJ, Neckers, L. (1994) Nucle i c 
Armies. 22, 2150-2154) . In our studies, oligomers capable of 
forming an intermolecular four stranded G-quartet structure from 
a : set 'bf: four contiguous G»s; such as those in telomeres (Smith, 

356, 164-167), weakly inhibited 
this was RT1SS (SEQ ID NO: 63, 



F.-W. ;! Feigon,' J. (1992) Nature 
CD28 expression.' An example of 
whose4-rich- sequence was previously shown by others to inhibit 
c-myc ! expression (sequence U in Burgess, T. L. , Fisher, E. F., 
Ross , "| S . L. , : Bready, Z . V. , ! Qian, Y. -X. . Bayewitch, L. A. , ; 
Cohen! A. M. , Herrera , C. jU Hu. S. S.-F.. Kramer. T. B., Lot:, 
F. E. 1 Martin. F. H . , Pierce, G : . F.. Simonet, 1., Farrell, C. L- 
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(1 " 5) ^U ,. Acad , f fo 92, 4051-4055> : . Another ' 

G-rich structure, the intramolecular G-quartet, has been shown 
to mediate aptameric inhibition of thrombin (Wang, K. Y. , 
Mccurdy, S., shea, R . G. , Swaminanthan , s., Bolton, P. H .' (1993) 
B i ochftmiPrry 32, 1989-1904; Macaya, R. F . , Schultze, P., Smith, 
F. W.. Roe, J. A., Feigon, J. (1993, Proc . Wat -i ^ tto ^ 

90, 3745-3749). Sequential analysis o f RT03S-4SE Q ID N O. 4 4) 

predicts that paired GVs of residues 3 - 4 , 7 - 8 , 12 . 13 and 
16 - 17 can potentially form such a G-quartet structure. 
However, removal of residues 1 - 6 (RT18S (SEQ ID NO: 57)), 
which disrupted the intxamplecular quartet, was ineffective in 
blocking the inhibition of CD28 expression and CD2 8 -dependent 
IL-2 production. These; data suggest that the activity of RT03S 
(SEQ ID NO: 44) arises from an alternate G-quartet structure.' 

RT03S (SEQ ID NO: 44) indeed has a similar 12 mer sequence 
to a motif predicted by others (Smith, F. W. , Feiaon. J, nggn 
B i ochftmiPrry 32, 8682-8692), to be essential for dimeric 
G-quartet formation. Dimeric G-quartets can arise from two 
strands of DNA, alternately parallel and antiparallel . Here, 
adjacent strands contribute; four G's to form four stacked 
G-quartets. A motif on each strand, consisting cf : twelve 
residues with four bases separating two sets of contiguous four 
G's, was associated with formation and stability J " We have shown 
that the core 12 mer. sequence (RT18S :(SEQ ID NO: 57) ),. has 
similar activity, to RT03S, (SEQ ID NO:: : 44 ) .. -Also G £cdGvC : 
substitutions (RT10S (SEQ ID NO : ; 53 ) , RT23S (SEQ.- ID: NO: 56) , 
RT24S (SEQ ID NO: 54 ) , RT2.5S ..(SEQ ID NO, 55)) within both the 
four G regions, resulted in a 56 - 69 % loss of inhibitory 
activity relative to RT03S (SEQ ID NO: ; 44) . . Similarly,;-:..; 
insertion ,(RT2 OS. : SEQ ID NO: 6.1;, RT 21S (SEQ ID- NO : • 62 } ) ■ or 
deletion (RT19S (SEQ ID NO: 58)) cf bases separating the sets of 
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G's reduced the relative bioactivity by 52 - 70%. Taken 
together, these data suggest' that a specific sequence motif, 
which has the capability to form a dimeric G-quartet, is 
critical for phosphorothioate oligo-mediated inhibition of 
functional CD28 expression. : 

The mechanism by which this type of dimeric G-quartet 
exerts its biological effect is unknown. However, several lines 
of evidence substantiate the hypothesis that this motif enables 
our active oligomers to function as decoys, presumably by 
competitively hindering the ^interaction of a dimeric G-quartet 
promoter sequence with a specific transcription factor. 1) An 
oligomer corresponding to an upstream region of the CD23 gene 
(RT11S ! (SEQ ID NO: 50)) exhibited equivalent biological activity 
to RT03S (SEQ ID NO: 44) . 2) Our active oligomers function via 
a non-antisense mechanism. ! 3) These oligomers modulated CD28 
mRNA expression; hence their bioactivity was not related to 

— direct targe t-p rotein in l e t ac t ion. 4r) G-rich promoter— regions 

are prevalent (Evans, T., Schon, E. , Grazyna, G. M. , Patterson, 
J., Efstratiadis, A. (1984) 'wirlHc Acids Res, 12, 8043-805; 
Kilpatrick, M . W . , Torri, A., Kang, D. £., Engler, J. A.. Wells. 
R. D. ;1986) ■- *io- ■ Chen. .261. 11350- 11354 ; Clark. £• ? .. . 
Lewis,- C. D. , Felsenfeld, cl . (1990) Nucleic Acids Res. 18, 
5119-5126.), increasing the ': possibility that G-quartet -forming 
promoter sequences - are' a general regulatory phenomena. 5) 
Double stranded oligomers can act as decoys for the 
transcription factor, E2F (Morishita, R., Gibbons, G. H., 
Horuchi,-K,, Ellison. K.:t.\ Nakajima, K. , Zhang, L. ,. Kaneda. 
Y.\ Ogihara, T., Dzau.V, J 1 . (1995) »~r~; Nat. 1 - , P i ™fi Sci , VSft 
92,- 5855-5859). ^ 6) G-rich oligomers have been shown to mediate, 
the- induction, cf Spl transcription factor (Perez. J. R., Li, Y . 
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Stein, C. A,, Ma 3 umder, S., van Oorschoc, A. ( Narayanan, 
(1994) PrQg , NfT' Acad, prj TT , S ft 91, 5957-5961). 
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EOCTIVAT.flNT,? 

The foregoing written specification is considered to be 
. sufficient to enable one skilled in the art to practice the 
invention. Indeed, various modifications of the above -described 
makes for carrying out the invention which are obvious to those" 
skilled in the field of organic chemistry or related fields are 
intended to be within the scope of the following claims. 
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CLAIMS. 

What is claimed is: 

1. An oligomer capable of reducing CD28 gene 
expression in a T cell. 

2. An oligomer according to Claim 1, wherein said 
oligomer is capable of hybridizing to a CD28 gene transcript. 

3 , An oligomer according to claim 2 wherein said 
oligomer hybridizes to the initiation codon of CD28. 

4. An oligomer according to Claim I, wherein said 
oligomer is capable of hybridizing to a CD28 gene. 

5. An oligomer according to claim 4 wherein said 
— oligomer hybridizes to a transcript th e initiation c^Tion-of 

CD28. 

6. An oligomer according to claim 1 wherein the 
oligomer comprises at least 11 nucleic acid bases and no more 
thari 50 nucleic acid bases. 

7. An oligomer according to Claim 1 wherein said 
oligomer is a DNA or RNA molecule. 

8. An oligomer according to Claim 1 having less than 
22 bases and including the sequence 5 ■ TTGTCCTGACGATGGGCTA3 • . .: SEQ 
ID NO : 1 ) . 
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9. An oligomer according to Claim 1 having less than 
22 bases and including the sequence 5 1 AGCAGCCTGAGCATCTTTGT3 ' 
(SEQ ID NO:2) . 



10. An oligomer according to Claim 1 haying less than 
22 bases and including the sequence 5 1 TTGGAGGGGGTGGTGGGG3 1 , (SEQ 

ID NO: 3) . ■ 



11. An oligomer according to Claim 1 having less than 
{' 22 bases and including the sequence 5 • GGGTTGGAGGGGGTGGTGG- 

GG3 ' , (SEQ ID NO: 4) . 

12. An oligonucleotide according to claim 1 having a 
phosphorothioate backbone with 11 to 50 bases comprising at 
least two sequences of GGGG separated by 3 to 5 bases. 



13 . A method for treating a disease which is at least 
partially mediated by CD28, said method comprising! the step of: 
administering to a patient an effective amount of an 
oligomer according to Claim 1. 



14. A method for ..treating, a . disease which is at least 
partially mediated by CD28, said method comprising; the step of: 
administering to a patient an effective amount of an oligomer of 
an oligomer having 11 to, 50 bases comprising at least two 
sequences of GGGG separated by 3 to 5 bases . 



15. The method cf, Claim 13 wherein the oligomer 
comprises the sequence 5 ' TTGGAGGGGGTGGTGGGG3 ' . \SEQ ID NO : 3 ) 
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16. The method of Claim 13 wherein the oligomer 
comprises the sequence 5 ' GGGTTGGAGGGGGTGGTGGGG3 ' , (SEQ ID NO:4). 

17. A method according to Claims 12-15 wherein said 
administration step further comprises the following steps: 

removing CD2 8 -expressing cells from a patient; 
introducing said oligomer into said cells whereby 
oligomer-transformed cells are produced, and returning 
said oligomer-transformed cells into the patient. 



18. A method according to Claims 12-15 wherein said 
administration step further comprises the following steps: 
removing CD2 8 -expressing cells from a donor; 
introducing said oligomer into said cells whereby 
oligomer-transformed cells are produced, and 
introducing said oligomer-transformed cells into the 
patient . ; 



19. A method according to Claims 12-15, wherein said 
oligomer is produced by transcription cf an expression vector. 

20. A recombinant expression vector, said vectpr 
comprising, in , operable combination, a promoter, and a 
polynucleotide sequence encoding an oligomer capable of 
inhibiting the. inducible expression of CD28 in a T cell. 



21. A pharmaceutical formulation comprising an 
oligomer according to Claim 1 . 
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22. The pharmaceutical of Claim 17 wherein the 
oligomer is 11 to SO bases in length and comprises at least two 
sequences of GGGG separated. by 3 to 5 bases. 

23. The pharmaceutical of Claim 17 wherein the 
oligomer is 18 to 50 bases in length and comprises the sequence 

5 ' TTGGAGGGGGTGGTGGGG3 ' , (SEQ - ID NO : 3 ) , : 

24. The pharmaceutical of Claim 17 wherein the 
oligomer is 18 to 50 bases in length and comprises the sequence 
5 1 GGGTTGGAGGGGGTGGTGGGG3 ' , (SEQ ID NO: 4) 

25. A pharmaceutical formulation comprising at least 
two different oligomers according to claims 17-20. 

26. A pharmaceutical formulation according to Claims 



17-21, wherein said formulation is adapted for parenteral 
administration. 
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Figure 1A 

O0CTm ^ i'i'i'it'iL-iLT ccccnccrr ccttctitcc nunncrr 
Ticimcrr Ticrnuiur citil-itilt gi iti ' iit i t tcicaticig 

TIGCXXTOX TO3AGTOCAG TGGCATCATC TD33CICATA. GCAGCCTCCA 
TCAAGQ3ATT CTOCTOCCTT AQOOCTIOQCr AGTMCIOGA 
TEOGGTAC OCRCCKIGAT GCCTO3CTAA l'lTlTlb'lA T TTICAATOGA 
GAQGGGGITr CAOCMUTIG GOCAGGCTOG TCTIGACCIC CIQQCCICAA' 
ATCATCCACC OOTTOGOC TCCCAAATIG CTG3CA3TAC AQQCCTCAGC 
CACIGCACOC GGOCTCTITCC TICTIAAGAA CAC'l'I'lU'lLT CCCCTITAAT 
CICTOCIGSA TTICAAGCAC CCCITITACA CAACICITCA TA.TCCATCAA 
'TAAAGAATAA TTCCCATAAG CCCATCATCT AGTGAGQGAC UOTTriCAG 
TCACAMAAA AAflUlL'iTJA AAAATAGAAG TAAAAGICIA AAGTCATCAA 
AACAA0G7TIA TATOCTCICT GAMTGCIDC AGTCAOGATC OCT l UlUbTT 
'TCAGrTGOCTr GAICATOIGC CCIA&Q3GGA TGGTO303GT GjIGGTOOQC 
GTOGATCA03 G 

Figure IB 

AGACICICAG GQCTIGGCAG GTOOGTCTTT CAGTTCJOQCT CACACTTCGG 
GAGGAGGOGC TOGAAOCJCTA GCCCATOGIC AG3ACAAAGA 

. M 

TCCTCAQGET GCTCTIGGCT CTCAACTTAT TCCCTICAAT TCAAGTAACA 
etLeuArgLe uLeuLeuAla LeuAsnLeuP beProSerll eSlnVallhr 
<3GAAACAAGA TiTiU/llAA QCAGiaXXT ATOCTIGiaG GGTAQGACAA 200 
GJyAsnLysI leLeuValLy sGlnSerPro MetLeuValA laTyrAspAs 
TO33ICAAC CTEAGCIGCA ACTATTCCTA CA A TVl' l LTI L ' TCAAGGGAGT 250 
nAlaValAsn LeuSerCysL ysTyrSerT/ rAsnLeuPhe SerArgGluP 
im333CAIC OCTICACAAA GGflClGGATA G TO C'miUA AGIUIGICTT 300 
hsArgAlaSe rteuHisLys GlyLeuAspS erAlaValGl uValCysVal 
CTAEATO3GA ATEACTOOCA GC2GCTTCAG GTTEACICAA AAAGGGGGTT 350 
ValiyrGlyA srtlyrSerGl nGlnLeuGln ValTyrSerL ysThrGlyPh 
C^ACIGTGAT GGGAAATIGG GCAATGAATC AGIGACATIC TAOCTCCAGA 
eAsnCysAsp GlyLysLeuG lyAsnGluSe rVallhrPhe TyrLeuGlnA 
ATTIGTAIGT TAAOCAAACA GATATTTACT TCIGCAAAAT 1GAAGTIATG 
snl^uTyrVa lAsnGlifTnr AspIleOyrP heCysLysIl eGluVallfet 
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Figure 1C 



TATCCICCTC CTIACCTAGA CAAIGAGAAG AQCAATQGAA CCATTATCCA 500 

JI^erQteP_ roTyrLeu ^_^^^ luLy5 SerAsnGlyT hrllelleHi 

TUIGAAAGGG AAACACdTT GTOCAAGTOC CCTATTTCCe GGACCTTCTA 550 
sValLysGly LysHisLeuC ysProSerPr oLeuPhePro GlyProSerL 

AQCCCnTIG QGTD3CIQGTC GlLUi'lULJiU GAGTCCIGGC TIGCTATAGC 600 
ysProPheTr pValLeuVal ValValGlyG lyValLeuAl aCysTyrSer 

TIGCTAGTAA CACTGGCCIT TATTATTITC TOQGIGAQGA GTAAGAGGAG 650 
LeuLeuValT hrValAlaPh elleilePhe TrpValArgS erLysArgSe 

CAGGCTCCTC CACAGIGACT ACATGAACAT GACTCQCG3C 0GCCCO3QGC 700 
rArgLeuLeu HisSerAspT yrMstAsnMe tlhrProArg ArgProGlyP 

CCACCOGCAA GCATTACCAG CXXTEMGOQC CAGCAQ3CGA CTTCGCAGCC 750 
roThrArgLy sHisTyiGln ProTyrAlaP roProArgAs pPheAlaAla 

TATCGCIDCT GACACGGACG OCTATOCAGA AGCCAGOCQG CT33CAG0CC 800 
TyrArgSer. ~~ ! \ 

OCMCIQCIC AATATCACTC CTCIGGATAG GAAAT3ACCG CCATCICCAG 850 

COGGCCACCT CAGCCCCIGT TGGGCCACCA A1GCCAATTT TIUICGAGTG 900 

ACTAGACCAA ATATCAAGAT CATTTIGAGA CICIGAAATG AAGTAAAAGA 950 

GAi'l'iLUlUr GACAGGCCAA GTCTEACAGT GCCATOGCCC ACATICCAAC 1000 

TTACCAIGTA CTIAGIGACr TGACIGAGAA GTIAGGGTAG AAAACAAAAA 1050 

GQGAGTOGAT TUIGGGAGCC TCTICCCTIT CICACICAQC TGCACfclCIC 1100 

AGTCAAGCAA AG1CIQGTAT CCACAGACAT TTCAGTIGCA GAAGAAAGGC 1150 

TAGGAAATCA TTCCTITIGG TTAAAIGGGT GTTEAAICIT TIGGTEAGIG. 1200 

GGTTAAAOQG GGTAAGTTAG AG1SGQGQGA GGGATAGGAA GACATATTTA. 1250 

AAAAOCATEA AAACACIGIC TOQCACICAT GAAAIGAGOC AQGTAGTTOC 1300 

TATTEAATX lUl'I'l'lUCl'I' TAGTITAGAA ATACATAGAC ATTCJIUITIT 1350 

ATGAATTCIG ATCATATTTA GTCATITIGA CO\AAT3AGG GATTK3GTCA 1400 

AATCAQQGAT 'ICCUICAAAG CAATAICAGG .TAAAOCAAGT TOCTITOCTIC 1450 

ACTOX'IGIC ATGAGACTIC AGTGTIAATG TICACAATAT ACTITCGAAA 1500 

GAATAAAATA GTIC 1514 
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Figure 2 
Phosphorothioate 
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Figure 3A 
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Figure 9 
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Figure 11 
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Figure 12 
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Figure 15 
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Inventor: Robert C. Tam 

I. FIELD OF T HE INVENTION 

The invention is in the 
thr ough^ , he use of o lig omers 
effective in treating immune 

ill. BA CKG RO UND OF THE II*VENTIPN 

While the immune system plays a crucial roie in protecting 
higher organisms against life-threatening infections, the immune 
system also plays a crucial part in the pathogenesis of numerous 
diseases. Those diseases in which the immune system plays a par 
include autoimmune diseases in which the immune system reacts 
against an autologous antigen, e.g., systemic lupus 
erythematosus, or diseases associated with immunoregulation 
initiated by reaction to a foreign antigen, e.g., graft vs. hcst 
disease observed in transplantation rejection. 

The pathogenesis and exacerbation of many common T-ceii 
mediated diseases result from an inappropriate immune response 
driven by abnormal T-cell : activation . The presence of activated 
T-cells have been reported in many T-cell mediated skin diseases 
(Simon et ai . , (1994) J. Invest Derm . . 1 03 : 539-543 V . For 
example, psoriasis, which ! afflicts 2\ of the Western population 
including four million Americans, is a skin disorder 
characterized by keratinocyte hyperprolif eration and abnormal 
dermal and .epidermal .infiltration of activated T-cells. Many 
reports suggest. a major .roie of these activated T-celis.in the 
pathogenesis of. psoriasis (Baadsgaard et al . , . •; 1990) C. Invest 
: D°rm . .95:275-282. Chang et al. .. (1992) Arch. Derm .. 12 3:1479- . 
,.14,8 5, Schlaak et .al. , (1994V :.T. invps 4- Derm. . 102:145-149) and i 



field of modulating gene expression 
» particularly those oil gome r 
system-mediated diseases. 
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AIDS-exacerbated psoriasis (Duvic (1990) J. Ir.vo-- . - or ^ 
2£: 38S-40S) . In psoriasis, activated lesional T-ceiis 
predominantly release the Thl cytokines (IL-2, ir.terf eron-gamma ) 
(Schlaak et al., (1994) J. Tnvpst- nprm . 1^:145-149). These 
secreted cytokines induce normal keratinocytes to express the 
same phenotype (HLA DR+/ICAM-1+) as found in psoriasis lesions 
(Baadsgaard et al., (1990) J. Invest n^rm . 9_5_: 2"5-232) . Also, 
by virtue of its in vitro and in vivo proinflammatory properties 
and because it is secreted in large amounts by both activated 
T-cells and keratinocytes from psoriatic lesions, IL-8 is. 
considered to be a major contributor to the pathologic changes 
seen in psoriatic skin such as keratinocyte hyperprolif eration . ■ 
Furthermore, one of the B7 family of receptors (the natural 
ligands for CD28 found on activated APC) , BBl,has been shown to 
be expressed in psoriatic but not unaffected skin keratinocytes 
(Nickoloff, et al., (1993) Am. J. P^ tholo^y . 112:1029-104 0). 

A number of other diseases are thought to be caused by 
aberrant T-cell activation, : including Type I (insulin-dependent : 
diabetes mellitus, thyroiditis, sarcoidosis, multiple sclerosis, 
autoimmune uveitis, rheumatoid arthritis, systemic lupus 
erythematosus, inflammatory; bowel disease (Crohn's and ulcerative 
colitis) and autoimmune hepatitis. In addition, a variety of 
syndromes including septic shock and tumor-induced cachexia may 
involve T-cell activation and augmented production of potentially 
toxic levels of lymphokines. Normal T-cell activation also 
mediates the rejection of transplanted cells " and organs' by ' 
providing the necessary signals for the effective destruction of 
the "foreign" donor tissue. ' " 

The activation of T-lymphocytes leading to' T-cell 
proliferation and gene expression "and secretion of specific 
immunomodulatory cytokines requires two independent signals. 
The - first- signal involves the recognition,, by' specific T-cell 
recepto.r/CD3 complex, of antigen presented by major histocdrapati- 
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■bility complex molecules on the surface of antigen presenting 
cells (APCs). Antigen-nonspecific intercellular interactions 
between T-celis and APCs provide the second signal that serves t 
regulate T-cell responses to antigen. These secondary or 
costiraulatory signals determine the magnitude of a T-cell 
response to antigen. Costimulated cells react by increasing the 
levels of specific cytokine gene transcription an d h y n tahLl izing 
selected mRNAs . In the absence of costimulation, T-cell activa- 
tion results m an aborted or anergic T-cell response. One key 
costimulatory signal- is provided by interaction of the T-cell 
surface receptor CD28 with B7-related molecules on A?C (Linsley 
and Ledbetter (1993) Ann. Rpy, Timminol., 11:191-212). CD28 is 
constitutiveiy expressed on 95%, of CD4 + T-ceils (which provide 
helper functions for B-cell antibody production) and 50* of CD8+ 
T-cells (which have cytotoxic functions) (Yamada et al., (i 98 5) 
Eur, ,7 . Tnnmnni . 15:1164-1168). Following antigenic "or in vitro 
mitogenic stimulation, further induction of surface levels of 

~ CD ^ £€tiK7 ~ a5 «» L h * Production of certain immunomodula- 

tory cytokines. These include interleukin-2 (IL-2), required 
cell cycle progression of T-cells, interf eron-gamma, which 
displays a wide variety of anti-viral and anti-tumor effects and 
interleukin-8 (IL-8), known as a potent chemotactic factor for 
neutrophils and lymphocytes. These cytokines have been shown to 
be regulated by the CD28 pathway of T-cell activation: (Fraser et 
al., (1991) St^snzz, 251:313-316, Seder et ai., (1994) J. Exp. 



:or 



122:299-304,; Wechsler et al., (1994, J, i mmq] \ . . 
i5i:2 -"" 2 ^ , :',?A" 2 ' interferon-gamma, and IL-8 are ; essential 
}\ P^oting a wide range of immune responses and have been shown 
b ® , OV?r ^ pr9Ssed . in raan y T-cell mediated .disease states, 
:- In :. : S ?™ ^P. 11 -. mediated skin disorders such as allergic 
contact dermatitis and lichen planus, CD28 was expressed in high 
1<5Vels - f n - the , ? a ^Wty of dermal and epidermal CD3+ T-cells but 
in normal skin and basal ceil carcinoma (anon T-cell mediated 
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' -si- 
skin disease), CD28 was expressed oniy in perivascular T-celis. 
Similarly, in both allergic contact dermatitis and lichen planus, 
B7 expression was found on dermal dendritic cells, dermal APCs 
and on keratinocytes but not in normal skin and basal cell 
carcinoma (Simon et al., (1994) J. Invest Derm ., 122:539-543). 
Therefore this suggests that the CD28/B7 pathway is an important 
mediator of T-cell-mediated skin diseases. 

; Aberrant T-cell activation associated with certain 
autoimmune diseases caused by the loss of self- tolerance is 
predominantly characterized by ; the presence of CD28+ T-ceils and 
expression of its ligand, B7 on activated professional APCs 
(monocyte, macrophage or dendritic cells) . These include 
autoimmune Graves thyroiditis (Garcia-Cozar et al., (1993) 
Immunol . , 12.: 32), sarcoidosis (Vandenbergh et al., (1993) Int . 
Immunol ., 5:317-321). rheumatoid arthritis (Verwilghen et al. 
(1994) J. Immunol ., 153 : 1378-1385) and systemic lupus 
erythematosus (Sfikakis et al., (1994) Clin. EXP. Immur.oj,., 

96 : 8 -14 i-^ In normal T-ce ll activation, which mediates the 

rejection of transplanted cells and organs, the binding of CD28 
by its appropriate B7 ligand during T-cell receptor engagement is 
critical for proper allogeneic response to foreign antigens, for 
example, on donor tissue (Azuma et al., (1992) J , EXP , Msd » > 
121: 353-360,, Turka et al., | (1992) Proc. Nat. Acad. Sci . USA, 
J8_9_: 11102-11105) . ■) 

• ;Traditional therapies for autoimmune "diseases do not: prevent 
T-cell activation; the effector step in the" autoreactive immune 
responses to self-antigen. . Drugs, such as steroids and 
non-steroid anti-inflammatory drugs ^(NSAIDS),' are' 'currently used 
to ameliorate symptoms,' but they do not pre ve'rit the. progression 
of the disease. In addition, steroids can' have' side' effects such 
as inducing osteoporosis, organ toxicity " and diabetes, ' arid can 
'"accelerate the cartilage degeneration" process 5 " and cause so-called 
post-injection flares for up to 2 to 8 hours: NSAIDS can; have 
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gastrointestinal side effects, and increase the risk of 
■ agranulocytosis and iatrogenic hepatitis. I^unosuppressive 
drugs are also used as another form of therapy, especially m 
advanced disease stages. However, these drugs suppress the 
entire immune system and often treatment has severe side effects 
including hypertension and nephrotoxicity. Also established 

inCTU "°suppressants such as — e ye 1 o s por in— and— T K50 G c amre^nhtcr, 

the CD28-dependent T-cell activation pathway (June et alV, (^87) 
: Mq1. CpI 1 , BiQl 7:4472-4481)'. 

Given the' shortcomings of currently-available pharma- 
ceuticals and methods for treating immune system-mediated 
diseases, it is of interest to provide new methods and com- 
positions for treating such diseases. 

HI. SUMMARY O p THE TNVT]si'pj r>jj j 

The subject invention provides methods and compositions for 
the treatment of immune system-mediated diseases. The compos i- 
Liun5 or cne invention have the property of reducing i the 
expression of CD28 in cells of; interest, which in turn moderate 
pathogenic effects of the immune system in an immune i system- 
mediated disease. The subject j methods of reducing CD28 
expression may also serve as methods of reducing thejeffects of 
antigenic stimulation of CD28' T cells, thereby decreasing the 
level of activation of CD28* T cells and the release of cytokines 
associated with T cell activation, including interleukin-2 , 
interferon-gamma, and interleukin-8 . The compositions of the 
: invention include many different oligomers capable 'of reducing 
. -the expression of CD28. ' '■■ 

" " ; ^' 0ne aspect-of the invention is to provide oligomers capable 
of reducing the expression of CD28 by interfering' with the 
^expressions CD28 - The oligomers ^oFthe invention hWe nucleic 
acid base sequence homology to a CD28 gene or a CD28 gene 
transcript, or a portion thereof, where the homology is 
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sufficient to permit formation of a nucleic acid double-stranded 
helix or triple-stranded helix under intracellular conditions. 
The oligomers of the invention may be DNA, RNA, or various 
synthetic analogs thereof. In particular embodiments, oligomers 
having 11 to 50 bases comprising at least two sequences of GGGG 
separated by 3 to 5 bases. 

Another aspect of the invention is to provide genetic 
engineering vectors for the intracellular expression of oligomers 
of the invention in cells of interest, preferably ceils that 
naturally express CD28. 

Another aspect of the 'invention is to provide pharmaceutical 
formulations comprising one or more different oligomers of the 
invention. The pharmaceutical formulations may be adapted for 
various forms of administration to the body or administration to 
cells to be reintroduced into the body. 

Another aspect of the invention is to provide methods for 
the treatment of immune system-mediated diseases. The methods of 
the invention involve modulating CD28 expression by administering 
an effective amount of the oligomers of the invention. The 
methods of the invention include methods of treating autoimmune 
disease, methods of reducing inflammation, response, methods of 
reducing the production of selected cytokines, methods of 
K inactivating T celis, and methods of immunosuppressing a. 

transplant patient. 

■ v , IV. BRIEF DESCRIPTION OF THE DRAWINGS ■■ . . 

Figure 1 is the sequence, of the 5 '.untranslated region of 
: v ». . the CD28 gene (1A) and the mRNA sequence ;;of . : human ? ,CD283( IB, :1C) . 

Figures IB and 1C represent different contiguous portidhs of a 
polynucleotide sequence...,- • j- • • c - ? ■■ : ' 

Figure 2 is a graphical ..representation - of the percentage of 
viable (live) T-cells following j. treatment with.. various ...CD28- 
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■ specific and control phosphorothioate and phosphorcrhioace- 
3 'hydroxypropylamine oligonucleotides. 

Figure 3 is a graphical representation of anci-CD3 
monoclonal antibody/PMA-induced CD28 expression in human T-cells 
from two donors (GV010 and JC011), (A) and the effect of 
CD28-specific and control : phosphorothioate (B, batch 1 and 2 ) and 
phosphorothioate-3'hydroxypropylamine (C) oligonucleotide s nn 
anti-CD3 monoclonal antibody/PMA-induced CD28 expression m 
^peripheral blood T-cells from; the same 2 donors. 

Figure 4 is a graphical representation of A) the induction 
fof T-cell proliferation by mitogens in human T-cells from donor 
KS006 and B) the effect of CD28-specif ic and control 
phosphorothioate oligonucleotides on anti-CD3 monoclonal 
antibody/PMA-induced human T-cell proliferation. 

Figure 5 is a graphical representation of the induction of 
interleukin-2 (IL-2) production by anti-CD3 monoclonal antibody . 
and PMA in human T-cells (A) and. the effect of CD28-specif ic and 

control phosphorothioate (D) ph osphorothioate- 3 ' hydroxypropyi- 

amine (C) oligonucleotides; on anti-CD3 monoclonal antibody/ 
PMA-induced IL-2 production in; human peripheral T-cells. 

Figure 6 is a graphical representation of the induction of 
interferon-gamma (IFN Y ) production by anti-CD3 monoclonal 
antibody and PMA in human T-cells (A) and the effect! of 
CD28-specific and control phosphorothioate (B) phosphorothio- 
ate- 3 ' hydroxypropylamine (C) oligonucleotides on anfi-CD3 
monoclonal antibody/PMA-induced interferon-gamma production in 
; human. peripheral T-cells. 

. . , - Figure .7 vis ;-a graphical -representation of the induction of 
interleukin-8 (IL-8) production by anti-CD3 monoclonal antibody 
and - PMA in .human. .T-cells (A) and the- effect of CD28-specif ic and 
control phosphorothioate (B) phosphorothioate-3 ' hydroxypropyl- 
amine (C). .oligonucleotides on anti-CD3 monoclonal antibody/PMA- 
induced IL-8 production in human peripheral T-cells. 
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Figure 8 is a graphical representation of the induction c: 
interieukin-2 receptor (IL-2R, Otherwise known as CD25) (A) and 
intracellular adhesion molecule-1 (ICAM-l otherwise known as 
CD54) (3) expression by anti-CD3 monoclonal antibody and PMA in 
human peripheral T-cells treated with and without CD28-specif ic 
and control phosphorothioate 3 ' hydroxypropylamine oligonucleo- 
tides. 

Figure 9 is a graphical representation of CD28 expression in 
HUT 7 8 (A) and Jurkat (B) human T-cell lines before and after 
anti-CD3 monoclonal antibody and PMA treatment, and the effect of 
CD28-specif ic phosphorothioate oligonucleotides in anti-CD3 mono- 
clonal antibody and PMA-treated Jurkat cells (C) . 

Figure 10 is a graphical representation of the effect of 
CD28-specif ic phosphorothioate oligonucleotides on interleukin-2 
production in anti-CD3 monoclonal antibody and PMA-treated HUT 78 
(A) and Jurkat (B) human T-cell lines. 

Figure 11 is a graphical representation of the effect of 
phosphorothioate oligonucleotides on surface expression of 
accessory molecules and on cytokine secretion in activated T 
cells . 

Figure 12 is a graphical representation of the effect cf 
phosphorothioate oligonucleotides on CD28 and CD25 mRNA levels. 

Figure 13 is a graphical representation of the specificity 
of ■■ oligonucleotides RT03S (SEQ ID NO: 44) and RT04S (SEQ. ID NO: 

■ 1 ! ■< 

453. with respect to inhibitory effect on; functional CD28 4 
expression. , >:•: . • •.; ••• • •- ■ 

Figure 14 is a graphical representation : of 'the tolerance 
induction in vitro by the CD28-specif ic oligonucleotides , RT03S 
(SEQ ID NO: 44) and RT04S (SEQ. ID. NO: .45) . '■ I. ; :: 1. ' 

Figure 15 is a graphical- representation of the in : vitro 
stability of "P-labeled phosphorothioates, RT03S "-(SEQ ID -NO: 44) 
andiRTC06S (SEQ ID NO: 48) in extracellular superriatants : ( top 
panel) and Jurkat cell, lysates (bottom -panel) .< 
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v - p £ TAILED INSCRIPTION of specific ^ mbod tm^nt-p 

Described herein are methods and compositions for treating 
! immune system-mediated diseases, wherein the desired therapeutic 
effect is achieved by decreasing the expression of CD28, thereby 
abrogating activated CD28* T cell function and decreasing 
activation of other immune system cells. The inventor has 

discovered that antigen-dependent T cell activat ion ma y b e 

inhibited by decreasing the expression of CD28 in CD28* T cells. 
The invention provides numerous compounds that may be used to 
decrease the expression of CD28 in T cells. 

The invention described herein involves the discovery that 
decreasing CD28 expression in T cells can interfere with the 
antigen-specific activation of T cells. The discovery may be 
used to provide numerous methods of treating immune system- 
mediated diseases with oligomers targeted to CD28 and with non- ' 
oligomer compounds that decrease CD28 expression. By employing 
the discoveries of the biological . effects of decreasing CD28 

ex P r ession as desc ri bed in this application, nume r ous methods oi 

treating immune system-mediated diseases are provided, such 
methods may employ non-oligomer compounds that have not yet been 
synthesized or purified. 

One aspect of the invention is to provide for oligomers that 
can be used to inhibit gene| expression of certain genes is an 
established technique frequently referred to as the use of "anti- 
sense" oligonucleotides or "anti-sense therapy." Numerous 
publications on the construction and use of anti-sense are - 
available. . ; Exemplary ;of such publications are: Stein et 
Science :2£1: 1004-1012 (1993) ; Milligan, et al., -J-. MpH . rhVm . 
2^1923-1937 U-993.).';--. Helena-; etUlv, J . At or h i m V <nBh v<:> 
:d;1£±9_l99-125 (1990); Wagner/ liajLiirfi. , 212: 333-335 (1994) ; and 
^.Crooke and Lebleu; Anti-sense Rps^rrh " a nd ApolicaMnn. . C RC 
Press, Boca Raton (1993) .-The term "anti-sense" as used herein, 
unless indicated otherwise, refers to oligomers (including oligo- 
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nucleotides) capable of forming either double-s cranded or tnpie- 
stranded (triplex) helices with polynucleotides so as to 
interfere with gene expression. The principles of anti-sense 
design and use described in these publications, and other similar 
publications, may be used by the person of ordinary skill in the 
art to design, make, and use various embodiments of the CD28 
specific oligomers of the invention. 

The oligomers of the invention are capabTe of modulating the 
expression of the CD28 gene:. The oligomers of the invention 
include those oligomers that have the property of being able to 
form either a double-stranded polynucleotide helix by hybridizing 
with CD28 transcripts (or portions thereof), or a double-stranded 
polynucleotide helix by hybridizing with a portion or portions of 
a CD28 gene, wherein the helix formation may occur under 
intracellular conditions. The oligomers of the invention also 
include those oligomers that are capable of affecting the 
regulation of gene expression such as by acting as molecular 
decoys and preventing protein-nucleic acid interaction of 
transcription factors with regulatory elements of the' 
untranslated regions of the CD28 gene. Additionally, the 
oligomers of the invention include those oligomers that are 
capable of forming a triple-stranded polynucleotide helix with a 
portion or portions of a CD28 gene, wherein the helix formation 
may occur under intracellular conditions. Both double-stranded 
hel.ix J and triple-stranded helix base pairing relationships- 
be tween nucleic acid bases (e.g., adenine- thymine, cytbsirie- 
guanine, uracil-thymine) are ;known -to the person' of ordinary' 
skill in the art and may be; employed in .the design-; 6 f ..tne-iL;^i' 
oligomers of the invention. - Regions of ; the: . CD28 gene-6f£CD28. 
gene transcript at which double-stranded helix;. or tripleT.s.tranded 
helix| formation can occur with a. given. oligomer of the invention 
are., said : to. be ".targeted" by*, that, oligomer. ;.. . : : 
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Human CD28 is a 90-kDa homodimeric transmembrane glyco- 
protein present on the surface of a subset of T ceils. CD^3 is 
present on most CD4* T cells and about 50% of COS* T cells"" The 
DNA sequence encoding human CD28 has been resolved as can be 
found, among other places,: in lee et al. Journal n* ^ mi1r - ; - T - 
UJ>:344-352 (1990, and on publicly accessible gene databases such 
as GenBank. The human CD28 gene comprises four exons, each 
fining a functional domain of the predicted protein. 
Transcription products of varying sizes have been observed to be 
produced from the human CD28 gene. The oligomers of the 
invention may be designed by referring to the published 
nucleotide sequence of thejCD28 gene or the sequence of CD28 
gene-derived cDNAs. The compositions and methods of' the 
invention may be readily adapted for use in mammals other than 
humans by referring to the sequence of the CD2B gene from non- 
human mammals. the sequence of non-human CD28 gene may be 
obtained by, among other methods, using previously identified 

CD28 gene sequences from h umans (or oth e r mammals) as gene 

library hybridization probes and/or PCR (polymerase chain 
reaction) amplification primers!. While the published nucleotide 
sequences of the CD28 gene are Relieved to be accurate, the 
subject invention may be practiced by the person of ordinary 
skill in the art even if the published nucleotide base sequence 
of CD28 contains sequencing errors. The proper nucleotide base 
sequence errors in published sequences may be detected by/among 
other. means, re-sequencing regions of the CD28 gene (or CD28 gene 
•transcripts,. targeted by the oligomers of the invention. Re- 
sequencing may be performed by means of conventional DNA 
sequencing technology. > ..' 

.The - oligomers -of the invention preferably comprise from 
about. U ; to. about SOnucleic acid base units. It will be readily 
appreciated by the. person of ordinary skill in the art : that 
oligomers of the invention may be significantly longer than 50 
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nucleic acid base units. In a mere preferred embcaimerrt =: the 
invention, the oligomers comprise from about 8 to about 23 
nucleic acid base units; more preferably from about 14 nucleic 
acid 'base units to about 22 nucleic base units. The preferred 
size limitations for the oligomers of the invention pertain only 
to those oligomers that are to be administered extracellularly to 
a ceil and are not applicable to intracellulariy produced C328 
specific oligomers, e.g., as produced from vectors for the 
genetic manipulation of target host cells. 

The oligomers of the invention may have numerous different 
nucieic acid base sequences. The oligomers of the . invention may 
be selected to reduce expression of CD28 by hybridizing (through 
nucleic acid - nucieic acid interaction) to virtually any region 
of a !CD28 transcript of CD28 gene in order to reduce expression 
of CD28, or by hybridizing (through nucleic acid - protein 
interaction) to non-nucleic acid molecules that recognize 
untranslated sequences of the CD28 gene. For example, oligomers 
of the invention may be selected so as to be able to hybridize to 
translated regions of a CD28 transcript ,. untranslated regions of 
a CD28 transcript, unspliced regions of a CD28 transcript, CD28 
gene intrbns, CD28 promoter sequences, and CD28 regulatory 
sequence, the 5' cap region of a CD28 transcript, CD28 gene 
if coding regions, and the like (including combinations of various 

distinct regions) . Preferred embodiments of the CD28 gene and 
CD28 .gene transcripts by the oligomers of the invention are in 
the translational and/or transcriptional initiation.^regioris- of 
the CD28 gene (and transcripts thereof) . By -varying -the. docation 
K-: of the CD28 or CD28 gene transcript in which .helixvf ormation may 

occur through the selection of the nucleic acid base pair p' ■ 
sequence of the oligomer, the potency of the :oligomer, -i . e. , the 
amount required to produce the desired biological effect will be 
varied. ^ Preferred embodiments of the oligomers of ■■■ the- invention 
have the highest, possible potency. The potency of different 
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oligomers of the invention may be measured by various ■ iz vir . ro 
assays known to the person of! ordinary skill in the art 
Examples of such assays can be found in the experiments " section 
of this application. The person of ordinary skill in the art 
will appreciate that it not desirable to produce oligomers that 
are targeted to polynucleotide sequences that are also present at 
gene locations other t h*nJh*-CD2 B gen e . Fo r- example, it woul ^ 



be undesirable. to produce an oligomer targeted to the 
> sequence in the 5- untranslated region of the CD28 transcript 

(the &lli region of the CD28 is described in Lee et ai., j ourna : 
'° f ^nnn1 o qy / 14^:344-352 (1990)). The use of oligomers that 
form double-stranded or tripl e - stranded helices with gene or 
transcripts of genes other than CD28. may be minimized by 
performing homology searches of oligomer nucleotide base 
sequences against polynucleotide sequence information present 
publicly accessible data bases; such as GenBank. 

In a preferred embodiment of the invention, the subject 
oligomers exhibit perfect nucleic acid base complementarity to 
the selected target sequence, i.e., every nucleic acid base in 
the oligomer may enter into a base pairing relationship with a 
second (or third) nucleic acid base on another strand of a double 
(or triple) helix. However, a person of ordinary skill in the 
art will appreciate that various oligomers specific for a CD28 
gene target and/or capable of inhibiting CD28 expression may have 
nucleotide base sequences that -lack perfect hybridization to the 
CD28 gene Neither strand) , CD28 gene transcripts, or CD28- 
specific regulatory proteins. ■• 

In preferred embodiments of the oligomers of the invention 
are oligomers;" having the following nucleotide base 'sequences: 
• - •' 5 ' TTGTCCTGACGATGGGCTA3 ' ■ ; ' (SEQ ID NO: 1 ) RT01 
- 5-' AGCAGCCTGAGCATCTTTGT3 1 . {SEQ ID NO: 2) RT02 

- • 5 ' TTGGAGGGGGTGGTGGGG3 "< ' (SEQ ID NO: 3 ) RT03 - 

- ' : - 5 ' GGGTTGGAGGGGGTGGTGGGG3 ' v: - (SEQ ID NO: 4 ) RT04 
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In particularly preferred embodiments of the inver.ticn, the 
oligomers having the nucleotide base sequences indicated in RT01, 
RT02, RT03, and RT04, are phosphoro thioates . Particularly 
preferred oligomers are phosphorothioate- 3 ' hydroxypropylamine , as 
described in Tam et al . , Nucl . Acid. Res . 22:977-965 (1994). 

Oligomers of the invention may be designed so as to decrease 
the expression of CD28 in T cells that have internalized 
extracellularly applied oligomers of the invention. 
Additionally, oligomers of the invention may be designed so as to 
decrease expression of CD28 when the oligomers are produced 
intragellularly through the use of genetic expression vectors. 
Inhibition of CD28 expression may be effected through (I) inter- 
ference with CD28 gene transcription, (ii) interference with the 
transcription of CD28 gene transcripts, (iii) interference with 
the processing of CD28 gene -transcripts, or any combination of 
(I), (ii), and (iii). The precise degree and mechanism of the 
interference of CD28 expression will depend on factors such as 
the structure of the particular oligomer, the nucleotide base 
sequence of the oligomer, the dosage of oligomer, the means of 
administering the subject oligomer, and the like. 

The term "oligomer" as used herein refers to both naturally 
occurring polynucleotides, e.g., DNA, RNA, and to various 
artificial analogs of naturally occurring nucleic acids that have 
the... abili ty to form either doublets tranded or triple-stranded 
helix jwith DNA or RNA. Many oligomers that are artif icialj 
analogs of naturally occurring polynucleotides have properties 
that make them superior to DNA or RNA for use in the methods-, of 
the invention. These properties include higher affinity for 
DNA/RNA, endonuclease resistance 1 , exonuclease resistance, lipid 
solubility, RNAse .H activation, land the like.. .: For.: -example, 
enhanced lipid solubility and/or resistance to nuclease:, digestion 
resultis by, substituting an alkyl group or alkoxy group for a 
phosphate oxygen in the internucleotide. phosphodiester linkage to 
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iform an alkylphosphonate oligonucleotide or al kylphospho- r les ter 
oligonucleotide. Non-ionic oligomers such as these are 
characterized by increased; resistance to nuclease hydrolysis 
and/or increased cellular uptake, while retaining the ability to 
form. stable complexes with | complementary nucleic acid sequences. 

While numerous oligomers that are analogs of naturally 
occurring nucleic acids are explicitly desc r ibed herp> r „ and/or 
are otherwise known to theperson of ordinary skill in the art, 
it wiil be appreciated that numerous oligomers that are nucleic 
acid analogs that may be developed in the future may|be readily 
adapted by those of ordinary skill in the art \ to inhibit the 
expression of CD28 genes. A brief review of different currently 
available DNA/RNA analogs that :may be used as oligomers of the 
invention by selection of tjhe appropriate nucleic acid base 
sequence so as to target CD28 genes {and transcripts Ithereof ) is 
provided below. The various oligomers described in those 
publications are examples, not limitations, of different possible 
embodiments or oligomers that niay be adapted for inhibition of 
CD28 expression in the methods ;and compositions of the invention. 

Methylphosphonate (and other alkyl phosphonate) oligomers 
can be prepared by a variety of; methods, both in solution and on 
insoluble polymer supports (Agrawal and Fiftina, NucI . Acin* 
EfiJL., £:3009-3024 (1979); Mille'r et al., Biochemistry . 11:5134- 
5142 (1979) ; Miller et al., J. Biol. Olfm., 25_5_: 9659-9665 (1980); 
Miller et al., NUCl. Art rt.s RfffJ,' 11:5189-5204 (1983); Miller et 
al-, ifUCl. Art (Iff Rps., 11:6225-6242 (1983); Miller et al., 
B i ochem i stry / 25_: 5092-50,97 - (1986) ; Sinha et al., .Tetrahedron 1 
LfiJLt ., .21 : 8 7 7-88 0 t (1 983.) ; ; Dorman et al a - TetrahPrirnn . dn-gq-vn? 
(1984) ; Jager, and rEnaels-/. Tetrahedron T.et-f r 25: 1437-1440 (1984); 
Noble et al., Nucl . Artrifr Rpfi...,? 12: 3387-3404 (1984) Callahan: et 
ai-/ Proc, NflU. Acad, Srj, .JBJL: 1617-1621 (1986) ; 

KOZ i PlkiPWirr et al.: Chenn r.a- .^rinta.; 2&L251-260 -< 1986) ; Agrawal 
and Goodchild, Tetrahedron Lett-.. 31:3539-3542 (1987)'; 



WO 96/24380 



PCT/US96/01507 



Lesnikowski et al.. Tetrahedron Lett.. 23.: 5535-5533 ( 1987) ; Sarin 
et al., Proc. Natl . Acad. Sri . USA. £1:7448-7451 (1988). 

Additional oligoribonucleotide analogs for use as oligomers 
are described in Inova et al.. ^Nncleir A cid?; Res . . 15_:6131 (1987) 
(2 ' -O-methylribonucleotides) , Inova et al., FEBS Left- . . 215 :32 7 
(1987). 

Descriptions of how to make and use phosphorothioates and 
phosphorodi thioates can be found in, among other places, the 
following publications: United States Patent No. 5,292,875, 
United States Patent No. 5,286,717, United States Patent 
No. 5,276,019, Patent No. 5,264,423, United States Patent 
No. 5,218,103, United States Patent No. 5,194,428, United States 
Patent No. 5,183,885, United States Patent No. 5,166,387, United 
States Patent No. 5,151,510, United States Patent No. 5,120,846, 
United States Patent No. 4,814,448, United States Patent No. 
4,814,451, United States Patent No. 4,096,210, United States 
Patent No. 4,094,873, United States Patent No. 4,092,312, United 
States Patent No. 4,016,225, United States Patent No. 4,007,197, 
United States Patent No. 3,972,887, United States Patent No. 
3,917,621, and United States Patent No. 3,907,815, Dagle et al., 
Nucl. Affids Rfffi. 11:4751-4757 (1990), Loke et al., Proc. Natl. 
Acad. Sri . USA.- M: 3474-3478 (1989), LaPlanche, et al., Nucleic 
Acids Rps.. H:9081 (1986) and by Stec, et al., J. Am. Chem. Soc . 
H!6_:6077 (1984), and Stein et al.. Nncl. Acids Res . Jj£: 3209-3221 
(19.88) . ■ .-. •' 1 W 

Descriptions of how to make and use phosphoramidates can be 
found in. ..among other places the following publicatibns^Agrawal 
et ,al., : Proc. Natl. Acad. Sci.,&5.: 7079-7083 (1988)-, Dagle 'et 
al., Nucl. Acids Res. . 1 8 ( 61 : 4751-4757 (1990), Dagle et : "alU ' 
Nucl. Acids Res. 1 Q( B )"::1 R05-.1 fl 1 0 M 9Q1 ) . ; . 'K .: 

Other polynucleotide '.analogs of interest include compounds 
having acetals; or ;thioacetals in the backbone structure. 
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Examples of how to make and use such compounds can be found, 
among other places in, Gao et ai., Sic^aiiLrY 21: 6223-6236 
(1992), Quaedflieg et al., Tetrahedron T ,o r , :3081-3034 
,'1992), Jones et al., J, Qrg, Chem .£1:2983-2991 (1993). 

Other polynucleotide analogs of interest include comoounds 
having silyl and siloxy bridges in the backbone structure. 
Examples of how to make and u se suc h com poun ds ca n be fo 
among other places in Ogilvie and Cormier, TetrahPrirnn , T , arr ' 
i6_(3S):4159-4162 (1985), Cormier and Ogilvie, Nucl ,. ahhc p -l 
1£(10) M583-4594 (1988), PCT publication WO 94/06811; 
f Other polynucleotide analogs of interest include compounds 
having silyl and acetamidate bridges in the backbone [ structure . 
Examples of how to make and use such compounds can be found, 
among other places in Gait et al. t J, fflfm. ?or , Perkin Trans. 
1:1684 (1974), Mungall and Kaiser, J. Org, rhpn, 4 ?,^.m, 
(1977), and Coull et al.. and TetrahPrimn Trfrr ? o_ r) .n^ 
(1987) . 

"^nucleotide analogs having morpholino-based backbone 
linkages have also been described. Information on how to make 
and use such nucleotide analogs can be found in, among other 
places, United States Patent Nos . 5,034,506, 5,235,033, 
5, 034, 506, 5, 185, 444. 

Polynucleotide analogs having various amine, peptide, and 
other achiral, and/or neutral, linkages, have been described: 
Caul field et al., Bio-organic & MPriiHn.i chpm. i.*tr ^m ? u.->^ 
; 2776, (1993), , ;Mesmaeker : et ,al . / .Biooraan i ^ c ri na ! rhmn r : 
Lfilt., A(3):395r398U1994); Anaew. rhpn, T n>>- ^ Fn ^ - 
12(2) :226-22? (1994) United States Patent No. 5,166,315; and 
United -States. ^Patent iNov;. 5 ,:142v:047 ; . * : ;.. '. ^ 

r PplynuclA^tide.s,?li-a-ying/thioether- -and .other sulfur linkages 
between ,s.ubunits ::are -described in,, .among other places; Schneider 
and Brenner/ Tetrahedron ^PfT. ;- 11(3 ) : 335-338- (1990) , Huang et 
al.. J, Orq. ChPin V, :3869-3882 (1991) • Musicki and Widlanski, 
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Tetrahedron Lett.. 22(101:1267-1270 (1991;; Huanc and Wicilanski, 
Tetrahedron Lett-.. 22. ( 1 9) : 2 657-2660 (1992); and Reynolds -et al., 
J . Org . Chem. 5J.: 2983-2985 (1992), and PCT publication WO 
91/15500. 

Other polynucleotide analogs of interest include peptide 
nucieic acids (PNAs) and related polynucleotide analogs. A 
description of how to make and use peptide nucleic acids can be 
found in, among other places, Buchardt et al . , Trends in 
Biotech. . 11 (1993) and PCT publication WO 83/ 12129. 

Other oligomers for use in anti-sense inhibition have been 
described in Thuong et al..' Proc. Natl. Acad. Sr.i . . 11:5129-5133 
(1987!), United States Patent No. 5, 217, 866, Lamond, Biochem. Snr . 
Transactions , 21.: 1-8 (1993) (2 ' -O-alkyloligoribonucieotides) , Ono 
et al'., Bioconiugate Chemistry , 4:499-508 (1993) ( 2 * -deoxyuridine 
analogs carrying an amino linker at the l'-position of 
deoxyribose) , Kawasai et al., J. Med. Chem ., 21:831-841 (1993) 
(2 ' -deoxy-2 ' -f luoro phosphorothioate oligonucleotides), PCT 

publication WO 93/23570, Auoustyns e- fc ai.. Nucl . Acids R e-s^ 

21(20) .-4670-4676 (1993). 

Additionally, oligomers may be further modified so as to 
increase the stability of duplexes and/or increase cellular 
uptake. Examples of such modifications can be found in PCT 
publication WO 93/24507 entitled "Conf ormationaliy Restrained 
Oligomers Containing Amide or Carbamate Linkages for Sequence- 
Specific Binding, " Nielsen et al . , Science . 2£A: i497-1500 ; J'( 1991 5 , 
PCT publication WO 92/05186i v entitled "Modified Internucleoside 
Linkages," _ PCT pub lication_.WO.91/06629, filed October 24,^1990 
.-and United ,States Patent 5, 264, 562 filed April 24, 1991/ -both of 
which. are entitled "Oligonucleotide Analogs with Novel Linkages," 
-PCT.. publication :WO 91/13080.' --entitled "Pseudonucleosides and 
Psuedqnucleotides and -their. Polymers, " PCT publication WO"--" 
91/06556 entitled "2 '.-Modified Oligonucleotides," PCT publication 
WO 90/15065 filed on 5 June 1-99.6 entitled "Exonuclease Resistant 
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Oligonucleotides and Methods for Preparxng the Same," and United 
■States Patent No. 5,256,775. 

The oligomers of the invention comprise various nucleic acid 
bases. In addition to nucleic acid bases found to occur 
naturally in DNA or RNA, e.g./ cytosine, adenine, -guanine, 
thymidine, uracil, and hypoxanthine, the oligomers of the 
invention may comprise one or more nucleic acid bases that are 
synthetic analogs of naturally occurring acid bases. Such non- 
naturally occurring heterocyclic bases include, but are not 
^limited to, aza and deaza pyrimidine analogs, aza and deaza 
purine analogs as well as other heterocyclic base analogs, 
wherein one or more of the carbon and nitrogen atoms of the 
purine and pyrimidine rings have been substituted byi heteroatoms, 
e.g., oxygen, sulfur, selenium, phosphorus, and the like. 
Preferred base moieties are those bases that may be incorporated ' 
into one strand of double-stranded polynucleotides so as to 
maintain a base pairing structural relationship with, a naturally 
occurring base on the comp l eme n t a ry s4^ rand at th e doubl e-^tx anded - 
polynucleotide. 

The invention provides many methods of treating a variety of 
immune disorders. The terms "treatment" or "treating" as used 
herein with reference to a -disease refers both to prophylaxis and 
to the amelioration of symptoms already present in an individual. 
It will be appreciated by , the person of ordinary skill in the art 
that a treatment need not be completely effective in preventing 
the onset of.a disease or. in reducing the symptoms associated 
with the disease. Any. reduction of the severity of symptoms, 
delay in the .onset . of rsvmptomsp;oir delay :in the progression of 
severity of symptoms is desirable to a patient. Immune disorders 
that can be treated ,by the methods of .the :inyention include the 
diseases in which CD2 8,- expressing T cells, mediate or contribute 
to an undesired idiopathic effect. Inhibition of CD28 expression 
results in the decrease -of expression of cytokines normally 
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produced by activated CD28' T ceil, such cytokines include • - 
interleukin-2, interferon gamma, and interieukin-6 . Accordingly, 
the methods of the invention include, but are not limited to, 
methods of treating diseases in which pathogenesis is mediated 
through interieukin-2 , interf eron-gamma, inter leukir.-S , or a 
combination thereof, whereby a T cell mediated immune response is 
interrupted or reduced. Examples of immune disorders that may be 
treated by administering the subject oligomers to a patient 
include organ transplantation rejection, septic shock, tumor- 
induced cachexia, and numerous auto-immune diseases. Autoimmune 
diseases that may be treated by the subject methods include 
diseases that are mediated by aberrant T cell activation 
including Type I (insulin-dependent) diabetes, thyroiditis, 
sarcoidosis, multiple sclerosis, autoimmune uveitis, ulcerative 
colitis, aplastic anemia, systemic lupus erythematosus, 
rheumatoid arthritis, parasite induced inflammation and 
granulomas, Crohn's disease, psoriasis, polymyositis, 
derma tomyositis, scleroderma, vasculitides, psoriatic arthritis, 
Graves disease, myasthenia gravis, autoimmune hepatobilliary 
disease, and the like. Additionally, the methods and 
compositions of the invention provide for the treatment of a 
variety of syndromes, including septic shock and tumor-induced 
cachexia, in which the pathogenic effects are mediated, at least 
in? part, by the lymphokine secreted from activated CD28* T cells. 

, f . x The disease treatment methods of the invention comprise the 
steps . of .administering an effective amount of the subject; 
oligomers ; to a patient. The precise dosage, i.e., effective 
amount, -of CD28-specif ic ..oligomer to be administered to a patient 
will vary with numerous factors such as the specific disease 7 to 
be treated, .the precise oligomer' (or oligomers) in the", 
therapeutic composition,; the "age -and condition of the patent, and 
the: like. : Protocols for determining suitable pharmaceutical 
dosages -are well, known to those; of ordinary skill in the art- and 
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can be found, among other places, in Remington's Pham^,.-; 
Sc " en ™ (iatest ^ition), Mack Publishing Company, Easton, Pa., 
and the like. 

In addition to administering the CD28 targeted oligomers 
directly to a patient, the invention contemplates methods of 
treatment in which CD28' cells Cor ceils having the potential to 
express CD28) are removed from a patient (with or without n,^, 
cells) and transformed with one or more different oligomers of 
the invention. Transformation may be by any of a variety of 
means well known to the person skilled in the art, e.g., 
eiectroporation, cationic lipids such as DOTMA or DOSPA, and the 
like. Transformed cells may then be reintroduced into the body. 

Another aspect of the invention is to provide methods of 
treating immune disorder by means of administering CDZS-speci fic 
oligomers, wherein the oligomers are produced intracellular^ 
through recombinant polynucleotide expression vectors. 
Intracellularly-produced CD28-specif ic oligomers are ' necessarily 
R NA or DNA molecu le s. R e combinant polynucleotide vectors for the 
expression of polynucleotide sequences of interest are well known 
to the person of ordinary skill in the art of molecular biology. 
Detailed descriptions of recombinant vectors for the expression 
of polynucleotides of interest can be found in, among .other 
Places, "Somatic Gene Therapy," ed. P. L. Chang, CRC Press, Boca 
Raton (1995), R. C. Mulligan, -Scifibca/ ' 2£fl: 926-932 (1993), F. W. 
Anderson, Sc i ence , 25^: 808-873 U992) , Culver eC al., Hum, ^ppq 
Xhzz., 2:107-109 (1991), and the like: Suitable recombinant 
vectors for use'ia : the s subject me ^thdds ; of treating immune 
disorders through genetic 7 engineering- are either" able to 
integrate interne -'genome fcf-f bills' or ; replicate'tn the ' 
cytoplasm of T ^cellsF ; CD28-sp^ C 'md r oligomers'- for iise ; in ; ' 
intracellular admirii'str atfon 'ar^^pref erably' significantly' longer 
than CD28-specific -oligomers 'for Extracellular administration. 
In a preferred embodiment of the subject methods of intracellular 
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CD29 administration, the CD28-specif ic oligomer is complementary 
to one or more entire CD28 transcripts or the entire CD28 gene; 
however, suitable intracel lularl y-produced CD28-specif ic 
oligomers may be considerably . shorter in length. Unlike extra- 
ceilularly-administered C028-specif ic oligomers, CD28-specif ic 
oligomers do not present problems with intracellular uptake or 
hydrolysis by extracellular enzymes. The subject methods of 
using intracellular CD28-specif ic soligomers may involve 
administering CD28-specif ic oligomer-encoding recombinant vectors 
directly to a patient. Alternatively, CD28-specif ic oligomer- 
producing vectors may be administered directly to cells that have 
been removed from a patient (i.e./ stem cells, T cells, whole 
blood, marrow, etc.), whereby j trans formed cells are produced. 
The transformed cells may be subsequently be reintroduced into a 
patient. 

The invention also specifically provides for expression 
vectors capable of expressing one or more of the oligomers of the 
invention. Generally, such expression vectors comprise, in 
operable combination, a promoter and a polynucleotide sequence 
encoding an oligomer capable of inhibiting the expression of CD28 
in a T cell. Although many different promoters may be used in 
the vectors of the invention, preferred promoters are capable of 
driving the high level expression in T cells. The expression 
vectors ;of the invention may also comprise various regulatory 
sequences. Currently available expression vectors, especially 
those vectors explicitly designed for gene therapy, ' may readily 
be adapted for the .expression iof CD28-targeted oligomers Jof the 
invention. The vectors may be adapted for the,.expression >of .. . 
CD28-targeted oligomers using ^conventional genetic engineering 
techniques such as those described in Sambrook et al., Molecular 
Cloning : 2nd Ed., Cold : Spring [Harbor Press, Cold Spring Harbor, 
N.Y. (1989) . 
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Another aspect of the invention is to provide pharmaceutical 
formulations for the administration of the oligomers c' t*e 
invention so as to effect the treatment of immune system-mediated 
diseases. These pharmaceutical . formulations may be readily 
produced by the person of ordinary skill in the art of! 
Pharmaceutical science. Such formulations comprise one or more 
^h* r.Kgome«-Gf the invention; however, in embodiments of the 
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invention comprising more than one different types of oligomers 
tne oligomers are preferably selected so as to not be able to 
hybridize with on. another. : The pharmaceutical formulations of 
the invention may be adapted forj administration; to the i body in a 
number of ways suitable for the selected method of 
administration, including orally, intravenously, intramuscularly, 
intraperitoneal^, topically, and the like. In addition to 
comprising one or more different I oligomers of the invention, the 
subject pharmaceutical formulations may comprise one or more non- 

biologically active compounds, i.e., excipients, such as 

stabilizers (to promote long, term storage), emulsifiers, binding 
agents, thickening agents, salts, preservatives, and the like. 

Formulations for parenteral administration may include 
sterile aqueous solutions, which may also contain buffers, 
diluents, and other suitable additives. Pharmaceutical! 
formulations of the invention may be designed to promote the 
cellular uptake of the oligomers in the composition, e.V., the 
oligomers may be encapsulated, in suitable liposomes. V 

Pharmaceutical formulations for topical Administration are 
especially useful for, localized treatment Formulation^ for 
topical: treatment included dxhtmentsV? sprays, 5 gel sV suspensions, ' 
lotions, creams, and the like^ Formulations for topical ' 
administration may: include, > in addition- to ; the Subject oligomers; 
known carrier materials- such as isopropanol, glycerol, paraffin, 
stearyl alcohol, polyethylene glycol; -etc: 'The 1 pharmaceutical^ 
acceptable carrier may ^also * included known "chemical absorption 



WO 96/24380 



PCTAJS96/0150? 



- 2 4 - 

promoter. Examples of absorption promoters are e.g., 
dimethylacetamide (United States Patent No. 3,472,931), 
trichlorc-ethanoi or trif luoroethanol (United States Patent 
No. 3,891,757), certain alcohols and mixtures thereof (British 
Patent ;No. 1,001,949), and British patent specification No. 
1*464,975. i 

In addition to the therapeutic uses of the subject 
oligomers, the oligomers may also be used as an analytical 
laboratory tool for the study of T cell activation. T cells have 
several surface receptors in addition to CD28 and the antigen 
specific T cell receptors. Difficulties arise in studying the 
individual biological properties of selected receptors because of 
potential and actual interactions between multiple receptor- 
mediated pathways. By providing a mechanism for decreasing CD28 
expression in T cells, the oligomers and methods of the invention 
also provide useful laboratory methods for studying T cell 
behavior independently of the CD28 activation pathway. 

The invention may be better understood by referring to the 
following examples. The following examples are offered for the 
purpose, of illustrating the invention and should not be 
interpreted as a limitation of the invention. 

VI. EXAMPLES - SERIES 1 

Oligonucleotides 

Oligodeoxynucleotides were synthesized on an automated JDNA 
synthesizer .(Applied Biosystems model 394 ) using standard 
phosphofamidite. chemistry... B^cyanoethylphosphoramidi tes,i ; 
synthesis reagents, and CPG polystyrene columns . were purchased' 
from Applied Biosystems . (ABI, i. Foster City, - CA) .. 3*-AminoModifier 
C3 CPG columns ,were c purchased; from Glen Research (Sterling, VA) . 
For phosphorothioate oligonucleotides, the standard oxidation 
bottle was replaced with tetraethylthiuram 

disulf ide/acetonitrile, and the standard ABI phosphorothioate 
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program was used for the stepu.se addition of phosphorothioate 
linkages. After cleavage from the controlled pore glass column, 
the protecting groups were removed by treating the oligonucleo- 
tides with concentrated ammonium hydroxide at 55°C for 8 hours 
The oligonucleotides were purified by HPLC using a reverse phase 
seaiprep C8 column (ABI ) . Following cleavage of the DkT 

^c^o^ti^group^^a^e nt with! e^V^ceir ic acid and ethanol 

precipitation, the purity of the product was assessed by HPLC 
using an analytical C18 column (Beckman, Fullerton, CA) . All 
oligonucleotides of >90 % purity! were lyophilized to dryness 
Oligonucleotides were reconstituted in sterile deionized water 
CCN, Costa Mesa), adjusted to 400 uM following evaluation of 
OD260nm, aliquoted and stored at -20»C prior to experimentation. 
In all cases, at least three batches of each oligonucleotide 
listed in Table 1 were used. 

| 



Peripheral blood mononuclearj cells (PBMCs) were isolated 
from the buffy coat following Fic^ll-Hypaque density gradient 
centrifugation of 60 ml blood frojn healthy donors. T-cells were 
then purified from the PBMCs using Lyraphokwik lymphocyte 
isolation reagent specific for T-cells (LK-25T, One Lambda, 
Canoga Park CA) . An average yield of 40 - 60. x 10* T-cells were 
then incubated overnight at 37«C an) 20 - 30 -ml RPMI- AP 5 > 
(RPMI-1640 medium (ICN, Costa Mesa, :CA) containing 20 uM.HEPES 
buffer, .PH..7.4, : 5%. autologous plasma^ 5 1* %^g lit amine / : 1? % ^ . 
penicillin/streptomycin and 0 . OSl'p-me^captoethanolS to temovl 
' any contaminating adherent cells in allceWriments /IT-cells 
were washed with RPMI-AP5 and ! then} P^d^ 9%&l£ microtitre 
Plates at a: cell concentration of ifLlLfeSoK ielis/ml 1 : ; ! ' 
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The T-cell lymphoma cell lines, Jurkat E6-1 •; CD2 S + /C04 - i 
ceils ,'152-TIB) and HUT 78 (CD28-/CD4+) cells (TIB-161) (ATCC, 
Rockvilie, MD) were maintained in RPMI-10 (RPMI-1640 medium con- 
taining^ 20 uM HEPES buffer, pH 7.4, 10 % fetal calf serum (FCS) 
(Hyclor.e, i Logan, UT), 1 % L-glutamine and 1 % penicillin/strep- 
tomycin) . 

Mitogen -i nduced T-cell activation 
and oligonucleotide treatment; 

-Prior to the addition of; human peripheral T-celis or T-cell 
lymphoma cell lines (0.2 - 0.3 x 10"), duplicate 96-well 
microtitre plates were pre-coated with purified anti-CD3 
monoclonal antibody (mAb) (6.25 - 200 ng/well) (clone HIT 3a, 
Pharmingen, San Diego, CA) and washed twice with cold 
phosphate-buffered saline, pH! 7 . 4.' (PBS) . Anti-CD3 mAb-treated 
T-cells were further activated by the addition of 2 ng phorbol 

12- m yristate l?-acet_at e (PMA) [ (Calbiochem, La Jolla, CA) and 

incubated for 48 h at 37°C. Anti-CD3/PMA-activated T-cells were 
treated! with 1 - 20 uM CD28-specif ic and control oligonucleotides 
immediately following activation and re-treated 24 h later. 
T-cells ; from one duplicate plate was used for immunofluorescence 
analysis and the supernatants ! used for cytokine studies and the 
secdfid plate was used for T-cell proliferation analysis. ; 

Immunofluorescence studies. 

''""" Following activation, 150 ml cell supernatant from the first 
duplicate microplate ; was' transferred to another microplate for 
analysis? of cell-derived cytokine: production/.. The remaining 
celis : were washed twice with isotonic saline > solution, pH 7.4 
(Becton 'Dickinsons Mansfield, | : MA) and resuspendedin 50 ml 
isolonic : saline 'solution and /split" into two samples. One sample 
aliqubt; ! was co-stained with either PE-CD28/FITC-CD4 or. 
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PE-CD54 /FITC-CD2 5 mAb and non-specific fluorescence was assessed 
by staining the second aliquot with PE/FITC-labeled 
isotype-matched control monoclonal antibody. All 
fluorescence-labeled monoclonal antibodies were obtained from 
Becton Dickinson (San Jose, CA) . Incubations were performed in 
the dark at 4°C for 45 min using: saturating mAb concentrations. 

Unincorporated label was removed by wa s hing in -P& s prior to the 

analysis with a FACScan flow! cytometer (Becton Dickinson). 
Antigen density was indirectly determined in gated live cells and 
expressed as the mean channel of \ fluorescence (MCF) . Surface 
expression of specific antigens (CD54, CD25) was represented as 
the mean channel shift (MCS ), obtained by subtracting the MCF of 
FITC- or PE-labeled isotype-matched (IgGl) control mAb-stained 
cells from the MCF of FITC- or PE-labeled antigen-specific mAb 
stained cells. Alternatively, surface expression of the 
CD4--subset of cells stained with! CD28 mAb was determined by 
subtracting the MCF of CD28' CD4*:from the MCF of CD28" CD4- 
t;ells - The viability of control ^untreated and oligonucleo-. 
tide-treated cells were determined in each batch of all oligo- 
nucleotides in multiple donors by staining with the vital dye, 
propidium iodide (5 ug/ml final Concentration). The percentage 
of live cells which excluded propidium iodide was determined by 
flow cytometry and was > 90 .%; (range 90 - 99 %) following 
treatment with all batches of all; oligonucleotides at a dose 
range of 1 - 20 uM (Figure 2) . i . 

Cytokine analysA?. ■ ,, .,, : o^i:-. " . 

. Cell-derived human cytokine concentrations- were 'determined 
in cell supernatants - from the ■ f irU- duplicate^ microplate v ? : 
Mitogen-induced changes^ in interleukin-2 (IL-2) -levels were 
determined -using a commercially available ELISA kit (R 5 D' ■ 
systems -Quantikine kit, Minneapolis, ; MN) *or by bioassay using the 
IL-2-dependent ; cell line, CTLL-2 (ATCC; ' Rockville, -MD) . - 
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Mi togen-induced changes in inter f ercr.-gamma and inter leukin-8 
.IL-9) levels were determined by ELISA using kits from Endogen 
(Cartridge, MA) and R&D systems (Guantikine kit, Minneapolis, 
MN) respectively. All ELISA results were expressed as pg/ml and 
the CT1L-2 bioassay as counts per minute representing the 
IL-2-dependent cellular incorporation of J H- thymidine (ICN, Costa 
Mesa, CA) by CTLL-2 cells. 

T-eell proliferation assay. 

The second duplicate microplate in all experiments were 
analyzed for changes in mitogen-induced T-c^ll proliferation. 
72h following anti-CD3/PMA activation and in the absence or 
presence cf oligonucleotides, ceils were pulsed with 1 uCi 
"H- thymidine (ICN, Costa Mesa, CA) and incubated overnight at 
37°C. Mitogen-induced cell growth, as assessed by incorporation 
of radioactive label, was determined by harvesting the cells and 
scintillation counting on a Wallac Betaplate counter (Wallac, 
Gaithersburg, MD) . 



Inhibition of CP29 expression in activated 

human T -cells by CD29-3Pecif ie oligonucleotides 

Anti-CD3/PMA treatment of human T-cells increased the 
surface, expression of CD28 (using immunofluorescence analysis) 
from.a^MCS of 122 ±7.74 in resting T-cells to a MCS of 150 ±9.27 
(n = 9.L. The difference in CD28 expression in resting and ■ 
activated T-cells is defined as mitogen-induced CD28 expression 
(Figure 3A) . Figure 3B and 3C shows the treatment of - 
an.ti-cp.3/PMA-actiyated T-cells* with phosphorothioate (denoted as 
S-oiigomers> 0 Figure 3B) and, phpsphorothioate-3 ' amine (denoted as 
A-oiigdmers, ...Figure 3C) forms', of , CD28-specific and control oligo- 
nucleotides . in 2 donors and with 2 separate batches of each 
oligonucleotide.. :r Of the four, candidate .oligonucleotides, RT01 - 
RT04 , (Table..!)/ in the- dose grange 2 - .10 uM, both , 
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phosphorothioate and phosphorothioate-3 < amine terms cf RT03 and 
RT04 were the most active inhibitors of mitoaen-induced CD25 
expression, both inhibiting induced CD28 expression bv greater 
than 50* (ic) at 5 or less. ; These two oligonucleotides, 
which differ in length, were designed to hybridize with a stretch 
of double-stranded DNA, 5' upstream of the transcription 

inlrlarxo^i ^ of thc CD^ -^eir e No si m ilar dose-dependent 

inhibition of mitogen-induced CD28 expression was observed with 
Che control oligonucleotides, RTC01 (SEQ ID NO: 5) - RTC06 (SEQ 
iq ; NO: 10) (Table. 1). All experiments were performed on at least 
three batches of each oligonucleotide using T-cells from 7 
donors. The fact that oligonucleotide regulation of CD28 
expression was demonstrable in human T-cells is critical because 
peripheral, epidermal and dermal 1 T-lymphocytes are the. intended 
target of CD28-specif ic oligonucleotides. 

Inhibition of mi.t oaen-inriueed T-Tffl ll 

prolifftr^tion bv en? b -specif^ „i j gonuryi^t-^ rrr 

The mitogenic effect of anti-CD3/PMA treatment was 
demonstrable by the augmented proliferation observed following 
the activation of resting T-cells. The incorporation of 
H-thymidine, represented as counts per minute, was 301641 ± 
47856 (n = 9) in activated T-cells and 650 ± 566 (n = 9) in 
resting T-cells. The effect of anti-CD3 and PMA on. T-cell , - 
proliferation are synergistic as shown in Figure 4A. Figure 4B 
shows a representative ^experiment of the effect. of CD28-specific 
and control phosphorothioate oligonucleotides on- 
anti-CD3/PMA-activated, T-cell proliferations In atUeast seven 
separate experiments,, all .in .. the. dose^range -2.;- 10-pM, both. - 
phosphorothioate (data not;shown> i ,and*phosphorothioate-3 ' famine 
(Figure 4B) forms of RT03 and RT04 were the most active 
inhibitors of mitogen-induced. T-cell proliferation/ -^inhibiting 
T-cell proliferation by up to 45%. No similar dose-dependent 
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inhibition of mi togen- induced T-ceil proliferation was observed 
with the control oligonucleotides, RTCOl (SEQ ID NO: 6) - RTC06 
(SEQ ZD NO: 10) . Here, treatment with C028-speci f ic oligonucleo- 
tides, RT03 and RT04, could reverse the hyperproli f eration of 
activated T-ceils thus demonstrating that regulation of the CD28 
pathway had a significant effect on one vital biological function 
of T-cell activation, T-cell proliferation. 

Inhibition of activated T-cell -derived cytokine 

production by CP29-specific oligonucleotides; 

Activated T-cells produce a variety of immunomodulatory 
cytokines including IL-2, interf eron-gamma and IL-8. CD28 
-inducible restriction elements for IL-2 and IL-8 have been 
demonstrated in the promoter sequences for both genes and have 
subsequently been shown to be regulated by the CD28 pathway 
(Fraser et al., (1991) Science 251:313-316, Seder et al., (1994) 
J Exp Med 179:299-304). Inter f eron-gamma also has been shown to 

: be regplcTtgd by the CD28 pathway - (Wechsler et al., J. Immunol. ; 

153 :2515-2523 (1994)). Anti-CD3/PMA treatment of resting T-cells 
dramatically increased the T-cell -derived levels of all three 
cytokines (Figures 5A, 6A arid 7A) . Figure 5, 6 and 7 res- 
pectively depict the effect jof phosphorothioate (B) and 
pho,sphorothioate-3 ' amine © .versions of CD28-speci f ic and control 
oligonucleotides on IL-2, interf eron-gamma, and IL-8 production 
p ; in -activated T-cells from the same representative donor; The 

| CD28-specific oligonucleotides, -RT03 (SEQ ID NO: - 3) -and RT04 (SEQ 

r" ID NO:L4) but not the control oligonucleotides, RTCOl (SEQ ID NO: 

i 5) -.^RTC06*--(SEQ ID NO: : 10) (data not shown) ) , inhibited 

I mi toger.-induced IL-2, interf eron-gamma, and IL-8 production in 

activated^T-cells in *a dose-dependent "manner. Both phosphoro- 
thioate (IC 50 5 \&\) and phosphorothioate-3 * amine {IC«, 0 10 uM) 
forms -of 'the CD28-specif ic oligonucleotides were equally active 
in the dose range 2 - 10 uM. Similar results for all three 
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cycokir.es were seen with 4 or more different donors. These 
observations demonstrate that CD28- spec i f ic oligonucleotides were 
also capable of regulating multiple effector molecules of the 
CD28 pathway of T-cell activation. 

Specifir il- V of Oliffpm ir lfotidft inhibition oF rnoa —p ^^ nT} , 

Xfee spccificity^f the CD28-specitic oligonucleotides, RT03 

and RT04 was evaluated by three methods. 

(1) CD2 8 -independent T-cell activation markers. 
The first method was to determine whether these CD28- 
specific oligonucleotides w ere able to inhibit the expression of 
other human T-cell activation markers which act independently of 
the CD28 costimulatory pathway. ; Activation of resting T-cells 
significantly increases the expression of both the IL-2 receptor 
(CD25) and the intracellular adhesion molecule, ICAM-1 (CD54). 
However, both these accessory molecules are regulated , 
independently of the CD28 pathway (June ec al. , Mol. Cell Rini 
2:4472-4481 (1987), Damle et al., J, TlffllimiPl., 112:2541 (1992)). 
Figure 8 shows the effect of! CD28-specific and control| oligo- 
nucleotides on CD25 (Figure. BA) and CD54 (Figure 8B) expression 
in mitogen- activated T-cells. No significant decrease in the 
activated T-cell expression of both CD25 and CD54 were observed 
following treatment with all i CD28- specif ic and; control oligo- 
nucleotides in the dose range 2 - 10 uM. • This -clearly" : 
demonstrates the specif icity \ of the CD28-specif ic oligonucleo- 
tides;,^ inhibiting expression of their target-proteinV ;! >■ ■} 
(2) CD28-negative T-call line, HUT 78 

The second method was to demonstrate^tha&he*CD28 7 ^athway 
was really the target for CD28-specif ic oligonucleotides by 
comparing mi togen-induced IL-2 production in a GD28^'t-ceIt 
leukemia cell line, Jurkat E6-1 > and CD28-, T-cell lymphoma cell 
line, : HUT 73. Figure 9A confirms the absence of :CD2 8- expression 
in both resting and activated HUT 78 ccells whereas constitutive 
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levels of CD28 increases upon activation in Jurkat E6-1 cells 
(Figure 9B). In CD28+ Jurkat E6-1 cells, CD28-speci f ic but not 
control oligonucleotides were able to inhibit mitogen-induced 
CD28 expression (Figure 9C) and also mitogen-induced IL-2 
production (Figure 10B) . In contrast, in CD28- HUT 78 cells, 
mitogen-induced LL-2 production was not affected by CD28-speci f ic 
and control oligonucleotides {Figure 10A) . This clearly 
demonstrates the specificity of these oligonucleotides to inhibit 
only CD28-regulated IL-2 production. 

(3) Specific activation of CD28 pathway 
. The third method was to' activate resting T-cells specif- 
ically via the CD28 pathway using anti-CD29 monoclonal antibody 
in combination with mitogens, (anti-CD3/PMA) using identical 
protocols to those used in activating T-cells with mitogens 
alone. Anti-CD28 mAb in combination with PMA or anti-CD3 mAb has 
been previously shown to provide the costimulatory signal to 
resting T-cells and promote only CD28-dependent and not 

TCR-d e p e nd e nt au gme ntation of T-c e ll prolif e ration and cytokin e 

production (June et al., (198"7) Mol . CpII Biol . . 2:4472-4481). 
Phosphorothioate and phosphorothioate-3 ' amine versions of 
CD28-specif ic but not control oligonucleotides were able to 
inhibit CD28-dependent activation of IL-2, IL-8 and interferon- 
gamma production and T-cell proliferation in 
anti--cb28/mitogen-activated resting T-cells (data not shown) . 
This clearly demonstrates ■ that only the CD28-specif ic oligo- 
nucleotides„.act, : only on the CD2 8 > pathway of T-cell activation. 

■ vil ■ EXAMPLES ~ SERIES 2 •- -■ - 

Qligonuclec-tictefl f . 

.Oligonucleotides were /synthesized with an Applied Biosystems 
.-394. ,DNA , synthesizer, r -Phosphorothioate linkages were introduced 
after .: the -standard oxidation! bottle was replaced with tetraethyl- 
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£T" «"»"«'~«o.i«U. f The purity of th . oi ,, onuelee . 

i es was assessed by analytical HpLC au oUgonucleot 
>*0 : purity „ ere lyophili2ed dryness reconsti 

.J 3 ^ 5 " e " USed - =' l«b.ll„, or oligonucleotides w. 

3ChleKd usi "* « Polynucleotide kinase and »P- Y ATP. ! 

I cell art.ivafi rn r itu^i nr r : 

; Peripheral blood mononuclear cells (PBMCs, were isolated 

IT 1" y do : ors by density sradient «»»i«»«««o„ snowed 

<?y T cell enrichment using Lymphokwik (One Lambda) 
Contaminating monocytes were removed by adherence to olastic 
-urified T cells were > 99V CD2; . .<„ HLA-DP, and < 9 \ c0 „.' 
JUrk " E6 -1.!»«VCD4-) T cells and HUT 78 .CD28VCD4-, t cells 
and the monocytic cell line. THP were obtained from ATCC. Cells 
were cultured at a concentration of 0.2 - 0.3 s iOVwell and 
activated with plate-immobilized anti-CD3 monod onal „ f , H v 
--». .HIT3A 0.25 „g/ml, (Pnarmingen, and 2 n, phorbcl 
12-myristate 13-acetate (PMA) (Calbiocheml . 

Immunof1uorc.i^ f . T ] r ,a a ^ i R! , 

Cells were co-stained with either .PE-CD28/FITC-CD4 or 
PE-C054/FITC-CD25 mAb or with PE/FITC-labeled isotvpe-matched 
controls (Becton Dickinson, ., CeU surf ace .antigen -density ,CD28, 
CD54, C025) was confirmed by flow cytometry (FACScan. Becton 
Dickinson).. Viability was assessed by propidium iodide ( 5 ug/mi , 
exclusion in control untreated and oligo-created CD4- ceils f'rom 
multiple donors and was typically > so % (range 90 - 99 %, 
following 48h incubation with 1 - 10 uM of each batch of all 
oligonucleotides. ,. 
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Proliferation and cytokine assays 

Proliferative responses were assessed by measuring : "H 
-thymidine (lu Ci, ICN) incorporation for the last 16h of each 
assay.' Cells were harvested onto filters and DNA synthesis was 
measured following scintillation counting on a Wallac Betaplate 
counter. Cytokine concentrations in culture supernatants were 
assayed using ELI SA kits for IL-2, IL-8 (R&D Systems) and IFN-y 
(Endogen) or by bioassay using the IL-2-dependent cell line, 
CTLL-2 (ATCC) . j 

RT-PCR and Southern Analysis' 

Total cellular RNA was :extracted using Trizol reagent 
(GIBCO/BRL) . The cDNA synthesis reaction (Promega) was performed 
using ^oligomer (dT) ls primer and AMV reverse transcriptase (H. 
C). The PCR reaction (GeneAmp PCR kit, Perkin-Elmer Cetus) 
consisted of 50 ul mixture containing 3 pi of cDNA, dNTPs (each 
at 200 uM) , 0.5 uM of each primer and 1 unit of Taq polymerase. 
The pr imers used were a - s follows : CD20 , 5' - CTGCTCTTGGCTCTCAACTT - 3 ' 
(sense) and 5' AAGCTATAGCAA GCCAGGAC- 3' (antisense), inter- 
leukin-2 receptor p55 alpha chain primers (Stratagene) and pHE7 
ribosomal gene. Kao, H.-T., : Nevins, J. R. (1983) Mol . Cell. 
Biol . 3, 2058-2065 Amplification conditions were 45 sec at 94°C, 
1 n^n .at 57 J C and 2 min at 72°C for 35 cycles, followed by 8 min 
at -.-^2 C C. PCR products were separated on 2% agarose, transferred 
to Hybond ,N+ membrane (Amersham) in 20 X SSC overnight and 
immobilized using 0.4 M NaOH. -Blots were hybridized with 
.^.P-vATP. labeled .oligonucleotide probes. Washed blots were then 
analyzed using Phosphorlmager. ; 

MLR and allpantiqen-specific T sell assays 

For MLR responses, PBMCs were cultured (1:1) with mitomycin 
C-treated . (50 ug/ml ) PBMCs from a HLA-disparate individual:. In 
alloantigen-specific T cell lassays, T cells isolated from PBMCs 
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;of cetanus-toxoid-primed healthy donors were cultured (1:1) with 
autologous mitomycin C- treated, PBMCs in the presence of tetanus 
toxoid (2 ug/ml, List Biolpgicals) . In both assays, 2x10' 
cells/well were cultured for 6j days at 31°C prior to further 
analysis. \ 



Xft vitro oligonucleotide stabilit y studios 

Temporal oligonucleotide stability analyses were performed 
as described previously (Tarn, R.'c, Li, Y . , Noonberg, S., Hwang, 
f. G., Lui, G . , Hunt, C. A., Garovoy, M. R. (1994) NuclPir A^-irtc: 
Efi^. 22, 977-986). Oligonucleotide degradation profiles were 
assessed by electrophoresis ani quantitated using Nickspin 
columns. \ 

Inhibition of CP2B expresaion bv Dho,nhnrofhin^o ni icTon „ r1 on . 
tides js specific and affftcta a^f-i^ t ed T ™>l 1 function 

Figure 1 1 su m m arizes th e- effect of the pho sph orb th ioa xe 

oligonucleotides from Table 3 on surface expression of accessory 
molecules and on cytokine secretion in activated T cells. The 
oligomers used were designed to hybridize to the 5' untranslated 
region (UT) of the CD28 gene, and were either antisense (AS) or 
G-rich sequences. Control oligomers were either sense strand 
(SS) or complementary strand (CS) sequences. 48h treatment of 
resting T cells (R) with. anti-CD3 antibody and PMA augmented the 
expression (Ac) of the accessory molecules, CD28 (A) , CD25'{B)"' and 
•CDS 4© and of the cytokines, IL-2(D), IFNy(E) and ; IL-B^F) Dati are 
presented as mean standard deviation of triplicate 'samples .^''The 
cumulative effect of two additions (0 and 24h) of ^w'tf , 
5uM (0) and lOuM (£|) of the phosphorothioates from' Table 3 on 
activation-induced T cell function was monitored by . : ' 
immunofluorescence analysis (accessory molecules) and by 
determination of secreted cytokine levels using\cTLL,-2-'jbXoaVsay 
(IL-2) and ELISA (IFN Y , IL-8). Surface antigen ' density (MCS), in 
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gated live CD4' cells was measured as the increase ir. mean 
channel of fluorescence compared to IgGl controls. IL-2- 
dependent cellular incorporation of 'H- thymidine was measured as 
counts per minute (cpmi and immunoreacti ve IFNy and IL-8 as 
pg/ml. The data shown, all derived from experiments performed on 
T cells isolated from a single donor, are representative of 
experiments from 9 separate donors. 



Table 3. Phosphorothioate oligonucleotides 



Oligo 


Sequence (5 


to 


3':) 






Description 


SEQ 


ID 
NO 


RT01S 


TTG 


TGG 


TGA 


CGA 


TGG 


GCT 


A 


AS 5' UT 7 9- 


97 


42 


RT02S 


AGC 


AGC 


CTG 


AGC 


ATC 


TTT 


GT 


AS 5' UT 94- 


113 


43 


RT03S 


TTG 


GAG 


GGG 


GTG 


GTG 


GGG 




G-rich 5' UT 


58-75 


44 


RT04S 


GGG 


TTG 


GAG 


GGG 


GTG 


GTG 


GGG 


G-rich 5' UT 


58-78 


45 


RTC01S 


TAG 


CCC 


ATC 


GTC 


AGG 


ACA 


A 


SS to RT01 




46 


RT-CCL2S - 


-^AGA- 


AAG- 


^-TG 


-C-T-Ci 


-AGG- 


-CT-G 


-CT — 


SS to RT02 




-HI 


RTC0 6S 


AAC 


CTC 


CCC 


CAC 


CAC 


CCC 




CS to RT03 




48 



The data demonstrates that selected phosphorothioate 
oligomers (Table 3) can specifically block activation-induced 
CD2..S expression in CD4* T ceils. ', In a representative donor 
(Figure 11A) , activation-induced CD28 expression but not IL-2 
receptor (CD25) or intracellular . adhesion molecule-1 (ICAM^l or 
CD54)' expression, was inhibited in a dose-dependent manner .by the 
phosphbrothioate oligomers, RT03S (SEQ ID NO: 44) and RT04S (SEQ 
ID NO.:'. ' 45)" (ICVo s 5 pMK No [similar inhibition was observed with 
the ahtisense oligomers, RT01S (SEQ ID NO:_42) or RT02S .(SEQ ID 
''NO: O^or'the control 'oligomers, RTC01S (SEQ ID NO: 4 6) ; RTC02S 
(SEQ ID NO:' 47) and RTC06S fsEQ ID NO: 48) . Furthermore, we 
provided '"evidence : ' that' the active oligomers modulated activation- 
'indu'cecl CD28. by blocking transcription in activated human f 
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ceils. At 10 uM, RT03S (SEQ ID NO: 44) and RT0 4S (SEQ ID NO: 45) 
but not a representative control oligo, RTC06S (SEQ ID NO: 48), 
reduced expression of activation-induced levels of CD28 but not 
11-2 receptor mRNA (Figure 12). 

Figure 12 shows the effect of phosphorothioate oligonucleo- 

tides at 10 m on C D2fl_^id-CD254« RWA l e vels. Res t in g-t tane 1) and 

anti-CD3/PMA-activated (6h) levels of CD28 and CD25 mRNA, in the 
absence (lane 2) or presence of 'the oligonucleotides, RT03S (SEQ 
IP NO: 44) (lane 4), RTC06S (SEQ ID NO: 64) (lane 5) and RT03D 
(SEQ ID NO: 49) (lane 6) were detected following RT-PCR of total 
cellular RNA and Southern analysis using specific, radiolabeled 
probes. The CD28 probe was derived from exon 2 ( 5 ' -ACGGGGTTC 
AACTGTGATGGGAAATTGGGCAA-3 ' ) and for IL-2 receptor, the probe was 
generated from the original primer mix. Equivalent loading was 
assessed following hybridization with a probe generated from pHE7 
sense primer. RNA from CD28-def icient HUT (7) an d THP (8) cell 
Hum were used as controls. The data shown are representat^Tof" 
3 separate experiments. 

Thus the specific inhibition of CD28 mRNA levels by 
biologically active phosphorothioates paralleled their effect on 
CD28 surface protein. Moreover, active oligomers abrogated . 
activation-induced T cell function, as RT03S (SEQ ID NO: 44) and 
RT04S (SEQ ID NO: 45) but not RT01S (SEQ ID NO: 42) or" RT02S . (SEQ 
ID NO: 43) or the control oligomers, RTC01S- (SEQ ID NO: ■"-""4 6).; f 
RTC02S (SEQ ID NO: 47) and RTC06S (SEQ ID NO: 48 ), markedly • 
inhibited anti-CD3/PMA-induced synthesis of -the -cytokines,' IL-2, 
IFNy and IL-8 by activated T cells (IC„ s 5 uM, range 2 ;- 10. uM) 
(Figure 11B) .. . . , 

.. As alternate costimulatory pathways can also induce: - - 
lymph.oJci.ne synthesis in activated T cells (Daml,e,.N. K.V:- 
Klussman, K., Linsley, r P.S. , ; Aruffo, A. (1992).. J. TirnnnrUi ■: . 14 8, 
1985-1992), it was important to determine whether, the biological 
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activity of RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 45) was 
specific to functional CD28 expression. Accordingly, we compared 
the effect of phosphorothioates on anti-CD3/PMA-induced IL-2 
production in a CD28\ T cell leukemia cell line, Jurkat E6-1 and 
a CD28-, T ceil lymphoma cell line, HUT 78. As summarized in 
Figure 13, 48h treatment of, resting cells (R) with anti-CD3 
antibody and PMA increased CD28 expression (Ac) in Jurkat (A, 
right); but not HUT 78 (A, left) cells. However, activation 
augmented IL-2 production in Jurkat, (C left), and HUT 78 {D, 
left) cells. The active oligonucleotides, RT03S (SEQ ID NO: 44) 
and RT04S (SEQ ID NO: 45), at 1 uM (Q 2 (M , 5 pM (^) and 

10 uM inhibited CD28 expression (B) and IL-2 levels (C, 

right) ! in activated Jurkat cells | but had no effect on 
CD28-independent IL-2 secretion in activated HUT 78 cells (D, 
right) '. The data shown are representative of three separate 
experiments. 

In Figure 13A, immunocytof luorometric analysis confirmed the 
-absence of CD28 expression in bot h resting and activated H UT~~T8 — 
cells, j whereas constitutive levels of CD28 increasec upon 
activation in Jurkat E6-1 cells.. Furthermore, in Jurkat E6-1 
cells, IRT03S (SEQ ID NO: 44) ; and :RT04S (SEQ ID NO: 45) (range 1 - 
lOuM) significantly inhibited both activation-induced CD28 
expression (Figure 13B) and IL-2 production (Figure 13C) . In 
contrast, : although activated ; HUT ! 78 cells produced similar jlevels 
of IL-2, no comparable oligo-dependent inhibition of this ; 
lymphokine was observed (Figure 13D) . 

We'--als'6 •-•demonstrated that T cell activation " (expression of 
CD28, IL-2,*VIE-"8 and IFNy) directed by a specific anti-CD28 mAb 
in combination with anti-CD3, was blocked by biologically active 
phosphorothioate oligomers (data not shown) ' Direct cirosslinking 
of CD28 molecules has been previously shown to promote only 
CD2 : 8-dependent--and riot TCR-dependent augmentation of T cell; 
proliferation and cytokine 1 production (June,' C. H., Ledbetter, J. 
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A., Gillespie, M. M., Lindsten #; T., Thompson, C. B. (1987, M ol. 
Cg li P < ° T ? ' ^2-«81.,. Taken together, our data strongly 
suggests that bioactivity of the active oligomers was specific 
the CD2S pathway of T cell activation. 

inhibi tion of t cftl 1 Pro li ferative r^roni^ m ^-.nttae^ 

reaction by phoffphorothioatu ^ i aomirl^ ^ 

We next compared the efficacy of the CD28-specif ic oligo- 
nucleotides, RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 45, in 
blocking antigen-specific primary immune responses in vitro In 
Figure 14, resting (A, B, and activated (E, F, levels of CD28 ar 
xnaxcaced for tetanus toxoid-specific T cell assay (top panel, A 
and B) and mixed lymphocyte reaction (bottom panel, E and F) 
The percentage of CD4', CD28-hi T cells is shown in the right- 
hand marker for A, B, E and ; F. Oligomer activity was assessed by 

the potential of two additions (0 and 96h) of l uM ( Q 2 yM 

M ' 5 W (£g> and 10 uM (Q) phosphorothioate oligonucleotides 
from Table 1 to reduce the percentage of CD28-hi expressing T 
cells (C, G, and activated T cell proliferation (D, H) in each 
assay. Activation of T cells was induced in response to tetanus 
toxoid (top panel, or following stimulation of responder T cells 
:X) by mitomycin-C treated stimulator PBMCs (Y) (bottom panel) . 
These data are representative of three separate experiments. 

In Figure 14, using both tetanus toxoid-specific T cell 
assay (Figure 14B) and primary mixed lymphocyte reaction (Figure 
14F), we observed the appearance of a subpopulation of 
activation-induced CD28-hi expressing T cells after the 6 day 
assay period. Addition of RT03S ;(SEQ ID NO: 44) and RT04S (SEQ 
ID NO: 45) (2 - 10 uM) resulted in a dose-related diminution of 
CD28-hi expression (Figs. 14C, 14G) and a corresponding decrease 
in tetanus toxoid-specif ic (Figure 14D) and responder cell ,' 
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antigen-specific (Figure 14H) T ceil proliferation. Mo similar 
effect! was observed with RTOlS (SEQ ID NO: 42) or the control 
oligomers, RTC01S (SEQ ID NO> 46), RTC02S (SEQ ID NO: 47) or 
RTC06S (SEQ ID NO: 48) . 

In ^ i trg Oligonucleotide stabilit-y e xtends fhe biolorn r- a 1 
activity of Phoflphorothio»1-ft 9 ligonuel*>ot i ; ^ f » fl 

It is known that modification of oligomers with phosphoro- 
thioate internucleotide linkages can impart nuclease resistance 
and thus extend the in vi tro bioactivity from 1 - 2h to 24h 
(Stein, C. A., Cheng, Y. C. (1993) Science. 261, 1004-1012.). 
Table 4 shows the temporal effect of phosphorothioates , RT03S 
(SEQ ID NO: 44) and RTC06S (SEQ ID NO: 48) on surface CD28 
expression in the continued presence © or following removal of 
oligonucleotide from the extracellular milieu on day 2 (D) . 
Monitoring was performed by immunof luorocytometry . Results are 
expressed as the dif f erence in surface antigen expression of 
activated T cells (MCF A ) and oligonucleotide- treated activated T 

c e ils (M GFy+-. CD28 expression in resting T ceHrs on—day 2 to 4 - 

was in; the range 119 - 121. ^ND" represents no distinguishable 
difference. ! 
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•Table 4. Temporal activity of phosphorethioates follow^ 
continuous or discontinuous oligonucleotide treatment 

Differential CD28 expression (MCF, - MCF ;< ) 
RT03S (SEQ ID RTC0 6S (SEQ ID 



NO: 44) 



"Day mcf7 



NO: 47) 



10 



10 



144 ' 8 18 - 4 8 -9 9-3 1.9 1.7 ND 

3 C 1 - 35 ' 6 21. 9 15.9 5.1 ND [ ND 3" 

3 ° 136 - 8 18 ' 3 fl-8 7.1 1<7 ,3. 8 , 

4 C 128.9 18.2 | 9.7 6.1 



__D 130.1 2.3 



ND i ND ND 
ND ND ND I ND ND 



As shown in Table 4, the duration of effect of RT03S (SEQ ID 
NO: 44) exceeded 24h and persisted through day 2, 3 and 4, 

^ela^e,, to^l^Qme-r-^-e . Ho w e v er, upon removal of RT03S ~(sF Q 

ID NO: 44), from the extracellular milieu on day 2, the 
inhibitory activity remained for 24h and was then completely 
abolished within the next 24h. | No oligomer activity was observed 
with a representative control oligo, RTC06S (SEQ ID NO- 48) 
throughout the same time course! A similar phenomenon was 
observed with pligo-mediated inhibition of activated T cell 
proliferation (data not shown) . j Increased bioavailability 
provided by phosphorpthioate modification alone cannot account 
for the remarkably prolonged bioactivity of RT03S (SEQ ID NO: 
44). Therefore, we demonstrated that the extended duration of 
effect was associated with additional in vitro stability provided 
by the secondary structure of RT03S (SEQ ID NO: 44). 

Figure 15 summarizes test results on the in vitro stability 
of »P-labeled phosphorothioates, RT03S (SEQ ID NO: 44) and RTC06S 
(SEQ ID NO: 48) in extracellular supernatants (top panel) and 
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Jurkat cell lysates (bottom panel) . (A) Time-dependent 
degradation (0 - 96 h) of each oligonucleotide (2000 cpm) was 
assessed by electrophoresis on a 20% polyacrylamide denaturing 
gel followed by visualization using a Phosphor Imager . {B> The 
percentage of intact full length "P- RT03S (SEQ ID NO: 44) (o) 
and ■"•'?- RTCC6S (SEQ ID NO: 48) ,(•) remaining at each time point, 
relative to t = 0, was determined in eluates from 10000 cpm of 
extracellular supernatants and cell lysates applied through 
Nickspin columns (Pharmacia) 1 . Molecular weight standards (Std) , 
"P-dNTP (N) and free "P-orth'ophosphate (P) were simultaneously 
analyzed. 

In Figure ISA, the electropherograms clearly show that, for 
both extracellular supernatants (S) and cell lysates (L), 
considerably more intact "P-labeled RT03S (SEQ ID NO: 44) than 
R.TC06S { SEQ ID NO: 48) remained following a 96h incubation with 
Jurkat cells. Consistent with this observation are the Nickspin 
column data (Figure 15B) . Here, the percentage of intact 
-Gl-i-gomex rernvpr^H from RT0 3S (SEQ ID NO: 44) after 96h was 54% 
(S) and 59% (L) and from RTC06S (SEQ ID NO: 48) was 10% {SI and 
34% (L) . In addition, secondary structure alone is not 
sufficient to account for the increased nuclease resistance and 
duration of bioactivity of RT03S (SEQ ID NO: 44) as its 
phosphodiester counterpart, RT03D had little bioactivity (Table 
5) and from in vitro stability studies, only had a half-life of 
24h (data not shown). 

Table '5/ - Identification of oligonucleotide sequence responsible 



for' inhibition of 
production'" ' 5 '"-' 



CD28 expression and CD28-dependent IL-2 
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Relative inhibition of expression 
Sequence CD28 



RT03S (D) TTG GAG ££G_£TG GT G GGG ' l 00 (3) 
RT11S £Sg_SAG GAG__££G. CTG GAA ' mn 



IL-2 SEQ ID 

NO: 



100 (44) 

100 



44 (49) 

50 



RT04S 

RT05S 
RT09S 
RT10S 

RT24S 

RT25S 

RT23S 

RT18S 

RT19S 



RTC07S 
RTC08S 
RT20S 

RT21S 

RT15S 
RT06S 
RTC06S i 



GGG TTG GAG GGG G TG GTG. 
GGG 

TTG GAG GGG G AG GA G GGG ' 
TTG GAG GGG G AG GT G GGG ' 
TTG GAG ££G_£TG GT G GCG 
TTG GAG CCG G TG GT G GCC '. 
TTG GAG GGG C TC CT C GGG ! 
TTG GAG_££G_GTG GTG G 

GGG GTG GT G GGG 

G GGG TT C _rg g l 

T G GGG 

G GGG 

CAC TGC GGG G AG GGC T£G. \ 

££ ! 

ATG GGG TGC ACA AAC T££ 

05. 

AAC GTT G AG GGQ CAT ; 
TTC CAG CCC CTC CTC CCC 
AAC CTC CCC CAC CAC CCC ; 



136 


100 


51 


126 


100 


52 


31 


38 


53 


40 


57 


54 


44 


25 


55 


38 


57 


56 


103 


120 


57 


30 


89 


58 


2 


2 


59 


2 


2 


60 


58 


76 


6:1 


51 


63 


62 



26 


52 


63 ■■■ 


29 


22 


:. 64 • - 


-4 


2 " • .. - 


" '4 8 



,I.n preparing .the data for Table 5, the in vitro activity of 
. phosphorothioate; oligonucleotides was .determined by their ability 
to inhibit. CD28 expression in anti-CD3/PMA-activated peripheral 
human T cells and their effect on activated IL-2 production in 
Jurkat T cells.. Results are' expressed relative to the' activity 
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= f 5 uM RT03S (SEQ ID NO: 44) (100':) whose range of inhibition in 
~ experiments was 52 - 79 % of CD28 expression and 76 - 89 ° 3 of 
IL-2 production. The values, for the phosphodieste r form of RT03D 
[SEQ ID NO: 49) are in parentheses. 

Identification of minimal sequence which confers biological 
activity in vitro 

Active phosphorothioate, RT03S (SEQ ID NO: 44), is an 18 raer 
originally designed to hybridize to the 5' untranslated region of 
the human CD28 gene, and has a sequence containing two sets of 
contiguous four G's. To identify the sequence-related factors 
critical for inhibition of activation-induced CD28 expression in 
human T cells and CD28-dependent ; IL-2 production in Jurkat T 
cells, bases were selectively added, deleted or substituted from 
RT03S i(SEQ ID NO: 44) and activity assessed relative to the 
parent oligomer (Table 5). Addition of three G's at the 5' end 
(RT04S) or one or more changes of T to A in the region between 
-both f oti-r-G sequences (RT05S (SEQ ID N O : 51), RT09S (SEQ ID NO: — 
52)) did not reduce the inhibitory effect relative to RT03S (SEQ 
ID NO: 44). Interestingly, the sense sequence (RT11S (SEQ ID NO: 
50)) also showed no change in. activity relative to RT03S (SEQ ID 
NO: 44). However, in contrast, deletion or replacement of one or 
more G's by cytosine (C) within both sets of four G's (RT10S (SEQ 
ID NO:' 53), RT24S (SEQ ID NO: 54), RT25S (SEQ ID NO: 55), RT23S 
( SEQ ID \NO: 56) (SEQ ID NO: 56) ) resulted in a marked loss of 
activity relative, .to RT03S:.(SEQ ID NO: 44). Deletion of the six 
residues; : 5' of the first four G' s in RT03S (SEQ ID NO: 44) had no 
e f f ec^*b^''^tlie^TnhTbi tory activity of the oligonucleotide (RT18S 
(SEQ ,I.D NO:v.57) ) r.t In ^contrast,, reducing (RT19S (SEQ ID NO: 58) ) 
qr ; ,. -increasing. (RT20S ; (SEQ -:ID NO'J -61 ) ,• -RT21S (SEQ 'ID NO: 62 )) the 
number' of residues between* Tbbth. -four G sequences dramatically 
reduced; -the. dnhLibitory -activity, relative to RT03S (SEQ ID NO: 
4 4.) . .-TGGGG, cGGGG ori /sequences vcjontaining 4 consecutive G's such 



WO 96/24380 



PCT/US96/01507 



;: iatir ; to RT03s ,seo id no: ««>• «... 

the «^c. activity of RT03S ,S E 0 „ ko: 44, is dependent 0 " 

' lf " SeqUen " m0tif «mpri S ed of 2 sets of 4 conticuous c. 
separated by 3 - 5 residues. ! 

In view of the toierogenicity imparted by disrupting CD26 

J., Sadler, L. M. ,1993, J, Exp , MM - 178. 1783-17,, . , . 1 ic M „ 
important to examine whether oligo-mediated inhibition of CD-6 
expression could provide a more effective strategy for inducing T 
ceU anergy and alloantigen-specif ic tolerance in vitro „e 
showed that the phosphorothioate oligomers. RT03S ,SEQ ID NO- 44, 
and RT04S , inhibited anti-CD3/P^i in duced CD28 expression in' 
human CD4 ' T cells by reducing; both mRNA and mature protein 
levels relative to oligomer dose. ! Furthermore, in order to 
demonstrate target specificity, we examined oligo-.ediated 
effects on lt-2 receptor and ICAM-i Expression: two accessory 
-^ie^nown to be regulaCed indepen(Jently o£ ^ ^ — 
(Damle, N. K . , et al., ,19921 J, flnM 148, 1965-1997; June 
CH. et al., (1987) Hnl , fftll Bif>V 7, 4472-448!, Sfinjc A ' 



et al 



Y.-C. (1993) Sc i enCft 261, 1004-1012; Boussiotis' ' V A 

(is", j , exp , MM 178/ 1753 _ 1763K correspon ; ingly ; 

both activated message and pretext levels of CD25 and surface 
expression of CD54 were resistant to oligomer action. : ' - 

Costimulation via the CD28 pathway directly induces I 
expression of immunomodulatory cytokines such as IL- 2/ I FN v and 
IL-8 in activated T cells (Fraser/ J. D., et al . U991 ) ! Sci tit? 
251, 313-316*J«ki»., M. K. , ' et al: , (1991 ) J. Tmrnnnnl ^ 
2461-2466; seder, R. A. , et (1994)' J. F.vn. m»h i79 , - 

299-304 ; Wechsler; A. S^et.i'., U994, j! J^; "" : ^ ^ T 

2515-2523) . For tolerogenicity ; to !be successful, active ' '' ' ' " ' 
CD28-s P ecific oligomers must abrogate 'this function. 
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Administration of active oligomers resulted in concomitant 
modulation of activation-induced IL-2, IFNy and IL-8 production. 
To underscore the exquisite specificity of the active oligomers 
to inhibit CD29-dependent functions, we' showed that they were 
unable to prevent activation-induced IL-2 production in a 
CD28-def icient cell line, HUT 78. Furthermore, maximal oligo-- 
rnediated inhibition of IL-8 production in activated T cells never 
exceeded 50% suggesting that an alternative regulatory pathway 
driving CD28-independent IL-8 production was preserved. Oligomer 
activity was not restricted to polyclonally activated T cells, as 
inhibition of activation-induced CD28 levels resulted in 
dramatically reduced T cell proliferation in both MLR and in 
tetanus-toxoid-specific T cell assays. Thus, our active 
oligomers mediated alloantigen-speci f ic tolerance in vitro, and 
provide a promising alternative to the ligand capture strategy 
for inducing T cell hyporesponsiveness such as seen with CTLA 4 
Ig, a high affinity B7 binder (Tan, P., Anasetti, C, Hansen, J. 

A., M e lros e / J., Brunvand, M . , B r a d s h a w , J . , L edbetter, J. A., 

Linsley, : P.S. (1993) .T. F.xd. Med. 177, 165-173.). 

In determining the duration of effect of the active 
pharmacophore, we observed that RT03S (SEQ ID NO: 44) showed 
surprisingly persistent inhibition of both activated CD28 
expression and CD28-dependent T cell proliferation, even 96h 
following oligomer treatment. Bioactivity was not related to 
toxicity as upon removal of oligomer complete reversal of .. 
inhibitory, activity occurred within 24h. Moreover, ..upon,, . , - 
comparison of^ the phosphorothipates, RT03S (^EQ ID,. NO: .44) and. 
RTC06S "(SEQ ID NO: „ 48.) , : ; our., in vitrq_ stability, studies showed 
that secondary^structure,, mediated by the G-rich sequence in. 
RT03S (SEQ ID NO l'^)^' increased two- to fourfold the nuclease 
resistance " typicaltyf associated with phosphorothioates (Stein, C 
A., Cheng, Y^cl n'WVl ^Srience 261 , 1004-iul2 .). The extended 
half life (96h) of Jj * f p-RT03S (SEQ ID NO: 44) correlated with ■ its 
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duration of bioactivity. i n addition, RT03D, the phosohodieste^ 
counterpart of RT03S (SEQ ID NO: 44), exhibited both reduced in 
vitro stability and bioactivity, an observation which is 
consistent with previous reports (Maltese, J.-y., sharma, H W 
Vassilev, L . , Narayanan, R. (1995) NurA ^ , p ^ ^ 

1146-1151). Therefore, stability imparted by secondary structure 
^^at^cOely^spo^^ for L he -^rease^ bioactivity of R^03S 
(SEQ ID NO: 44). Thus the nuclease stability granted by both 
Phosphorothioate modification and secondary structure may account 
^ ; the prolonged inhibitory activity of RT03S (SEQ ID NO: 44, 

Single base pair substitution in hybridization-dependent ' 
antisense and antigene models can virtually abolish activity 
'Maltese, J.-Y., Sharma, H . W., Vassilev, L . , Narayanan, R 
(1995, Nucleic Acids Res. 23 , 1 14 6- 1151 . , . In contrast, activity 
of CD28-s P ecific oligomers was only dramatically reduced if 
sequential substitution occurred within both sets of fopr G's 

implying defined structural requirement for nlig n me r f u n ction. 

In addition, following cationic stabilization (100. mM KC1 and' 
NaCl) of the secondary structure present in RT03S (SEQ ID NO- 
44), the oligomer melting curve showed a transition profile (data 
not shown) which is suggestive of G-quartet formation (Hardin, C 
C Watson, T . , Corregan, M. , Bailey, C. (1992) Bioch^^y „ 
333-841). Taken together, our data provide evidence that "this 
class of CD28-specific oligomers act : via a hybridization- 
independent mechanism and that secondary structure of the 
sequence, . possibly through G-quartet formation, delimits oligomer: 
activity. Similarly, Bennett,- C, F. ;/ . Chiang, M. _Y.:, Wilson- 
' Lingardo, L., Wyatt, ; J. R. (1994) .NucIp^ n^e 
3202-3209, , demonstrated that .activity of ^their phosphorothioate^: 
oligomers was, based .on possible- G-quartet .formation in sequences: r 
containing two- sets -of three or more- consecutive G and this 
suggested that -i oligo-mediated regulation . of human phospholipase - 
A, was through specific nucleic, acid-protein interaction. 
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Specific protein recognition by a range of G-quartet 
structures have been demonstrated in telomeres, centromeres 
(Blackburn, E . H. (1990) J. Biol . Chem. 265 . 5919-5921), 
immunoglobulin switch regions (Shimizu, A., Honjo, T. (1984) Cell 
36,. 801-803) and a class of regulatory oligomers called aptamers 
(Bock. L. C, Griffin, L. C., Latham, J. A. 5 Vermaas, E . H., 
Tcoie, J. J. (1992) N_a£m_e. 355, 564-566; Huizenga, D. E . , 
Szostak, J. W. (1995) Biochemistry 34, 656-665; Bergan, R. , 
Connell, Y. , Fahmy, B., Kyle, E.,Neckers, L. (1994) Nucleic 
Acids Res. 22, 2150-2154) . In our studies, oligomers capable of 
forming an intermolecular four stranded G-quartet structure from 
a set of four contiguous G's, such as those in telomeres (Smith, 
F. W., Feigon, J. (1992) Nature 356, 164-167), weakly inhibited 
CD29 expression. An example of this was RT15S (SEQ ID NO: 63, 
whose G-rich sequence was previously shown by others to inhibit 
c-myc expression (sequence 14 in Burgess, T. L., Fisher, E. F . , 
Ross, S. L., Bready, J. V., Qian, Y.-X., Bayewitch, L. A., Cohen, 
A. M., Herrera, C. J., Hu / S . S . -F. ,' Kra mer , T. B . , Lott, F. D., -- 
Martin, F. H., Pierce, G. F. , Simonet, L., Farrell, C. L. (1995) 
Proc. Natl - Acart. .Sri. USA 92, 4051-4055). Another G-rich 
structure, the intramolecular G-quartet, has been shown to 
mediate aptameric inhibition of thrombin (Wang, K. Y . , McCurdy, 
S., Shea, R. G;, Swaminanthan, ■ S . , Bolton, P. H. (1993) 
Biochemistry 32. 1989-1904; Macaya, : R. F . , Schultze , P., Smith, 
F. W~ , Roe, J. A., Feigon, J. "(1993) Prpc, Natl. Acati. Sc i . USA 
90, 3745-3749),.? -.-Sequential ::analysis ~6f RT03S (SEQ ID NO: 44)" 
predicts that paired G' s'. -of residues -3 -^• •4 > 7 •'- 8, 12 - 13 and 16 
- 17 can potentially .:f brm.jsuchi.Va G-quartet structure. However,' 
removal of residues :1 "(RT18S (SEQ :=ID NO: 57) ) ,■ which 
disrupted the- intramolecular ?quaftet;- ; was 'ineffective in blocking 
the inhibition of ;CD28 expression! and CD28-de"pendent IL-2 
production. : These 'data suggest -that >t he activity • of RT03S (SEQ 
ID NO: 44 ) arises : from an .'alternate G-quartet structure. 
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RT03S (SEQ ID no: 44, indeed has a similar 12 
to.a motif predicted by others (Smith, F . w., Feigon, J {1993) 

32 ' 66 ^-8692, to be essential for dimeric G-quartet 
rormation. Dimeric G-quartets can arise from two strands of DMA 
alternately parallel and antiparallel . Here, adjacent strands 
contribute four G's to form four stacked G-quartets. A motif on 

^ch-s4^md^^r S ^ r - 0 f twelve residues wich four bases 

separating two sets of contiguous ^ four G's, was associated with 
formation and stability. We have' shown that the core - mer 
sequence (RT18S (SEQ ID NO: 57)) has similar activity to RT03S 
(SEQ ID NO: 44). Also G to C substitutions (RT10S (SEQ ID NO- 
.53), RT23S (SEQ ID NO: 56), RT24S (SEQ ID NO: 54), RT2 5S (SEQ ID 
NO: 5a)) within both the four G regions resulted in a 56 - 69* 
loss of inhibitory activity relative to RT03S (SEQ ID NO: 44). 
Similarly, insertion (RT20S (SEQ ID NO: 61), RT21S (SEQ ID NO- 
62)) or deletion ( RT19S (SEQ ID NO: 58) ) of bases separating the 
sets of G's reduced the relative bjioactivity by 52 - 10% . 



together, these data suggest that ja specific sequence motif, 
which has the capability to form a ! dimeric G-quartet, is critical 
for phosphorothioate oligo-mediated inhibition of functional CD28 
expression. j 

The mechanism by which this tiype of dimeric G-quartet exerts 
its biological effect is unknown. However, several lines of 
evidence substantiate the hypothesis that this motif enables our 
active oligomers to function as decoys, presumably by 7 
competitively hindering the interaction of a dimeric G-quartet 
promoter sequence with a specific transcription factor. : 1) An ;; 
^oligomer corresponding to an upstream region of the CD28 gene 
(RT11S (SEQ ID NO: 50)) exhibited equivalent biological activity 
to RT03S (SEQ ID NO: 44). 2) Our active oligomers function via a 
non-antisense mechanism. 3) These oligomers modulated CD28 mRNA 
expression; hence their bioactivity was not related to direct 
target protein interaction. 4) G-rich promoter regions are 
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prevalent (Evans, T., Schon, E, , Grazyna, G. M., Patterson, 
Efstratiadis, A. (1984) N^r^r yidn Res ■ 12, 8043-805; 
Kiioatrick, M. W., Torri, A., Kang, D. S., Engler, J. A., Wells, 
R . D . (1986) t Rinl. Chem. 261, 11350-11354; Clark, S. P., 
Lewis, C. D., Felsenfeld, G. , '(1990) M]r]**r ftcirts Reg, 18, 
5119-5126.), increasing the possibility that G-quartet- forming 
o-omoter sequences axe a general regulatory phenomena. 5) Double 
stranded oligomers can act as decoys for the transcription 
factor, E2F (Morishita, R. , Gibbons, G. H., Horuchi , M.. Ellison, 
K E . , Nakajima, M, , Zhang, Kaneda, Y • , Ogihara, T . , Dzau, V, 

j. (1995) — *r *« ^. USA 92. 5855-5859). 6) G-rich 

oligomers have been shown to mediate the induction of Spl 
transcription factor (Perez, J. R., Li, Y., Stein, C. A., 
Majumder, 3., van Oorschot, A., Narayanan, R. (1994) p r or , Nat l. 
z ^H Sri , USA 91, 5957-5961) 

T] ^OP PORAT T?W FT w-rasENCE 

A11 patents , patents applications, and public* Lion«i*ed--- 
are incorporated herein by reference. 

The foregoing written specification is considered to be 
sufficient to enable one skilled in the art to practice the 
invention. Indeed, various modifications of the above-descrxbed 
makes for carrying out the invention which. are obvious. to those 
skilled in the! field 0^ organic chemistry or related fields are 
intended to be within^ the scope. of >he ; following claims . 
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What is claimed is: 



- " 53 - 
CLAIMS 



1. An oligomer capable of reducing CD2S gene 
expression in a T cell. 



o ,_ ^ -^^^^-^ccox^-n-g-roXlT in. 1, wherein said 

oligomer is capable of hybridizing co . CD28 ^ 

f 3. An Oligomer according to claim 2 wherein said 

0l "° ,!: h ^"dizes to the initiation codon of CD28. 

1- An oligomer according to claim 1, wherein said 
oligomer is capable of hybridizing to a CD28 gene. 

5- An oligomer according to claim 4 wherein said 
oligomer hybridizes to a transcript the initiation „, . r:o , 

5. An oligomer according to claim 1 wherein the 
oligomer comprises at least U nucleic acid bases and no more 
than 50 nucleic acid bases. \ 

6. An oligomer according to Claim 1 wherein said 
oligomer is a DNA or RNA molecule. 

22 . 7 * . ^ ° lig0mer «~"*»« to Claim 1 having less than 

ID NO I, ln<=1Uding the "^ence 5 'TTGTCCTGACGATGGGCTA3 ' , (SEQ 

„ K ' - 8 * blig ° m " '^cording to Claim 1 having less than 

bases and including the sequence 5 * AGCAGCCTGAGCATCTTTGT3 * 
(SEQ ID NO: 2) . ; • — i 
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9. An oligomer according to Claim 1 having iess Chan 
22 bases and including the sequence 5 * TTGGAGGGGGTGGTGGGG3 ' , (SEQ 
ID NO: 3) . 

10. An oligomer according to Claim 1 having less than 
22 bases and including the sequence 5 ' GGGTTGGAGGGGGTGGTGG- 

GG3 ' , {SEQ ID NO:4) . 

11. An oligonucleotide according to claim 1 having a 
phosphorothioate backbone- with 11 to 50 bases comprising at least 
two sequences of GGGG separated by 3 to 5 bases. 

12. A method for treating a disease which is at least 
partially mediated by CD28, said method comprising the step of: 

administering to a patient an effective amount of an 
oligomer according to Claim 1. 

\ A meth od for treating a disease which is at least 

partially mediated by CD28, said method comprising the step of: 
administering to a patient an effective amount of an 
oligomer of an oligomer having 11 to 50 bases comprising at 
least two sequences of GGGG separated by 3 to ,5 bases. 

14. The method of Claim 13 wherein the oligomer 
comprises the sequence 5 'TTGGAGGGGGTGGTGGGG3 • , (SEQ ID NO: 3) i 

15 . The method, of Claim .13 wherein _ .the oligomer .. , 
comprises the sequence 5' GGGTTGGAGGGGGTGGTGGGG3 ' , (SEQ ID NO: 4). 

. :. 16. . . A- methpcl according, to ^Claims, 12 : 1.5 wherein said 
administration', step "further cbmprfses the following steps:, 
removing CD28-expressing| cells from a patient; 
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introducing said oligomer into said ceiis whereby 
oligomer-transformed cells are produced, and returning 
said oligomer-transformed cells into the patient. 

17. a method according to Claims 12-15 wherein said 
.administration step further comprises the following steps: 
removing CD28-expressing cells from a donor; 

introducing said oligomer into said cells whereby 
oligomer-transformed cells are produced, and 
introducing said oligomer-transformed cells into the 
patient. 



16. A method according to Claims 12-15, wherein said 
oligomer is produced by transcription of an expression vector. 

17. A recombinant expression vector, said vector 

comprising, in operable combination, a promoter , and a 

polynucleotide sequence encoding ;an oligomer capable of 

inhibiting the inducible expression of CD28 in a T cell. 

17. A pharmaceutical formulation comprising an 
oligomer according to Claim 1 . 



18. The pharmaceutical: of Claim 17 wherein the 
oligomer is 11 to 50 bases in; length and comprises at least two 
sequences of GGGG separated by 3 jto 5 bases. 

19. The pharmaceutical! of Claim 17 wherein the 
oligomer is 18 to 50 bases ini length and comprises the sequence 
5 ' TTGGAGGGGGTGGTGGGG3 ' , {SEQ ID NO; 3 ) . 
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20. The pharmaceutical of Claim 17 where:.", the 
oligomer is 13 to 50 bases in length and comprises the sequence 
5 ' GGGTTGGAGGGGGTGGTGGGG3 ' , (SEQ ID NO:4). 

21. A pharmaceutical formulation comprising at least 
two different oligomers according to claims 17-20.; 

22. A pharmaceutical formulation according to Claims 
17-21, wherein said formulation is adapted for parenteral 
administration. 
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Figure 1A 

cccrmccTT Tmcimur occcnccrr ccncmcc Tiunricrr _ 661 

Tiuimurr tictitcict crnumcr giuiti^ tui^tiuig _~ 611 

TIGCCCTGQC TGGAGTOCAG TO3CATCA.TC \ TOQQCICATA GCAGCCTCCA _ 561 

cxtocigogt tcaagcgatt cracrocerr agccctccct agtagctoga _ 511 

TTACAGGTAC GCAQCAIGAT QCCIGGCTAA jTITITIGTAT TTICAA.TGGA _ 461 

GAOQG3GTTT CACCAIGTIG G0CAG3CTO3 -TCT1GACCIC CIGGCCICAA 4U 

AT3A.T3CACC CACTITO3CC TCCCAAATTG CTOGCATTAC ACOCGIGAOC _ 361 

CACTGCACOC GXCK7ITCC TICTEAAGAA Icft LTl ' lUlLT OCCCTTEAAT _ 3U 

CTCIGCIGGA TTICAAGCAC CO.T1T1ACA |CAACTCTTCA TATOCATCAA -261 

TAAAGAATAA TTOCCATAAG CCCATCA1UT AGTCACXX3AC TATTITICAG _ 2 u 

TCACAAAAAA AAAGTCTITA AAAATAGAAG TAAAAGTCTA AAGTCATCAA _ 161 

AACAACCTm -MQl'lUiUl' GAAATOCIGC AGTCAGGATC OCTIUIUJ IT _ m 

TCAGTOOCTT CATCA3UIGC OCIfcAGGQGA TQC7TGXGGT GG'IUU'IUUO: -61 
GTO3ATCACG G . , , 



Figure IB I 



GTTCCTCGGG GAGGAGGGGC TOGAACOCTA QOCCATCGTC AGGACAAAGA 
' M 
roCICAGGCT GCTCTTOGCT CICAACTIAT TOCCITCAAT TCAAGTAACA 
etLeuArgLe uLeuLeuAla LeuAsnLeuP heProSerll eGlnValThr 
GGAAACAAGA TITIGGTGAA QCAGTCQCCC ATOCTIGTOG OGTACGACAA 
GlyAsnLysI leLeuValLy sGlnSerPro MetXeuValA laTyrA^sAs 
TGOGGTCAAC CTISGCIGCA Aai M TOL' iA CAATCICITC TCAAGGGAGT 
nAlaValAsn LeuSerCysL ysTyrSerty rAsnLeuPhe SerArgGluP 
TO0Q3GCA3C 0CTIt3OAA GGACT3GATA GIGCIGTO3A AGICIGTCTT 
heArgAlaSe rLeuHisLys GlyLeuAspS erMaValGl uValCySVal 
GTATATGGGA ATDOOQCA GCAGCTTCAG GTCTTACIQA AAACQ33GTT 
ValTyrGlyA srtlyrSerGl rGlnLeuGln' ^TyTS^ysT^iyPh 
CAAOGIGAT GGGAAATIGG GCAATCAATC 

eAsnCysAsp GlyLysLeuG lyAsnGluSe rValThrPhe TyrLeuGlnA 
ATTIGTATCT TAACCAAACA GATAITEACT TCTGCAAAAT T3AAGTER3G 
snLeulyrVa LftsnGlrtThr AspIleOyrP heCysLysIl eSluVal*fet 



ro-nAjaiym' CAGT1U00CT CACACTTCQG 50 
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Figure 1C 



TATOCTCCTC CITACCEAGA CAATCAGAAG AGCAATGGAA CCATTATCCA 
TyrProProP roTyrLeuAs pAsnGluLys SerAsnSlyT hrllelleHi 
T3TCAAAGOG AAACACCTTT GTCCAAGTCC OCEATITCCC GGACCTIUIA 
sValLysGly LysHisL^uC ysProSerPr oLeuPhePro GlyProSerL 
AGOCCTTTIG GGIGCIGGTC GIGGTIGGTC GAGTCCTOGC TTGCTATAGC 
ysProPheT* pValLeuVal ValValGlyG lyValLeuAl aCysTyrSer 
TIGCrnGTAA CAGIGGQCTT TATTATTTIC TCQGTCAGGA GTAAGAGGAG 
LeuLeuValT hrValAlaPh ellellePhe TtpValAryS erLysArySe 
CAOGCTO7IG CACAGIGACT ACATCAACAT GACTOCCCGC CGCCCQ3GGC 
rArgLfiuLeu HisSerAspT yrffetAsnMe tlhrProArg AryProGlyP 
CCACCTGCAA GGATEACCAG CCCTATOCCC CACCACGCGA CTTCGCAGCC 
rtflhrArgLy sHisTyiGln PrtflyrAlaP roProArgAs pPheAlaAla 
TATCGCTCCT GACACGGACG CCTATCCAGA AGCCAGCCGG OGGCAGCCC 
TyrArgSer. .. • 
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800 



O03Q0CACCT CAGCCDCIGT TO030CAOCA ATOCCAATIT TICICGAGTC 
AOTGACCAA ATATCAAGAT CATITIGAGA CIUIGAAATC AAGTAAAAGA 
GATTIDCT3T GACAG30CAA GTCTTACAGT GOCATOGCCC ACA1TCCAAC 
TTACCAIGTA CTTAGIGACT TGACTGAGAA GTEAGGGTAG AAAACAAAAA 
GGGAGTGGAT T CIGGGAG GC TCITCOCTIT "ciQOra.TaaO^ 
AGTCAAGCAA AGIGTGGTAT CCACAGACAT TTTAGTTCCA GAAGAAAGGC 
TAQ3AAATCA TKXTTTIGG TTAAA.TO3GT GTTTAATCTT TTGGTTAGTG 
GGTEAAAOGG GGTAAGTTAG AGmGGGGGA GGGA3703AA GACATATTEA 

AMAocarm aaacac totc toctcicat gaaatgagcc acgtagttcc 

TATTEAATO: 1GT1T1ULTT TAGTpiAGA?? ATACATAGAC ATTOICTnT -1350 

ATGAATICIG ATCATATTIA GTt*ITira ^ . . . _ 1400 

...... ,, v 1450 

ACTCOCTCIC ATSAGACnC AGTGTTAATC TICACAATAT ACTITCGAAA 
GAATAAWflR GT1C " ' ' U 
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Figure 2 
Phosphorothioate 
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Figure 3A 
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Figure 9 
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